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804-EWEST 2NDLOOP RD. QFLORENCE, SC 29505-2825
PHONE (803) 665-0289

FAX (803) 667-9964

R.T. (TENNY) MOSS, JR.
Pharmacist- Chemist

June 4t 1998

Dockets Management Branch (HFA-305)
Food and Drug Administration
1240 Parklawn Drive, Room 1-23 ~~’lo “%? JuN-d A?I:57
Rockville, Maryland 20857

Dear Sirs:

As per Section 127 of the Food and Drug Administration
Modernization Act of 1997, I am nominating 21 bulk drug
substances as candidates for the bulk drug list. You will
find folders on each of these substances inclosed in this
package.

There are eight people on the South Carolina Board of
Pharmacy. There are five practicing pharmacists who as
a regular aspect of their practice compound medications
on a daily basis: navis Hook, Hugh Mobley, Charles Turner,
Ronnie Cromer, Bubby Hutto. When I am added to that group
there is a total of six board members out of eight who are
compounding pharmacists. My nominations reflect some of
the drug products that we board members, as well as other
South Carolina pharmacists, use in preparing prescriptions
with drug substances that are not USP or NF substances.

Out of the products I am submitting, this past week week 1
compounded the folowwing prescriptions: Caffeine Citrated
for a newborn released from a local hospital, Ferric Sub-
sulfate Solution for a local physician to treat a patient~
Metronidazole Benzoate suspensions for a little girl and a
bird, Quinacrine Capsules for three women, and Piracetam
for a young girl with Downs Syndrome. I don’t use these
substances every day, but I or another South Carolina phar-
macist have used every one of these substances for our
patients.

On behalf of the public we serve and the pharmacists of this
state I request that these drug substances be approved and
appear on the list of bulk drug substances that may be used
in compounding.

Robert Toloss, Jr.



A. INGREDIENT NAME:

AMINOPYRIDIN~

B. Chemical Name:

Amino-4Pyridine,Farnpridina.4-Aminopyridine;4-Pridinamine

C. Common Name:

Gamma-Aminopyridine,P-Aminopyridine,P-Aminopyridine(DOT),4-AP,Avitrol,
Avitrol200,4-Pyridy1amine,4-Pyridinamine,Fampridine

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 99.3’%

——. E. Information about how the ingredient is supplied:

Whitecrystals,orcrystallinepowder,odorless.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:
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50:383-385.
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Chang,F.C.,Bauer,R. M.,andBentoqB.J.4-aminopyridineantagonizessaxitoxinand
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intoxication.Toxicology & Applied Pharmacology, 1996; 14l(l):44-48.
Perez-Espejo,M. A.,Haghighi,S.S.,andAdelstei~E.H. Theeffectsoftaxon,
methylprednisone,and4-aminopyridineincompressivespinalcordinjury:aqualitative-_—_-
experimentalstudy.Sur~”ca[NeuroIo~, 1996; 46(4): 350-357.

Wananukul,W.,Keyler,D.E.,andPentel,P.R.EffectofcaIciumchlorideand4-
aminopyridinetherapyondesipraminetoxicityinrats.Journal of Toxicolo~, 1996;
34(5):499-506.

Haghighi,S.S.,pu~ S.L.,Perez-Espejo,M.A.Effectsof4-aminopyridineinacute
spinalcordinjury.Surg”cal Neurology, 1995; 43(5): 443-447.
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with4-aminopyridheand3,4-diaminopyridlne.Chung-Kuo Yao Li Hsueh Pao - Acts
Pharmacologic Sinica, 1994; 15(4): 358-362.
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Neurology, 1994; 51(1 1):1136-1139.
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Bever,C.T. Thecurrentstatusofstudiesofaminopyridinesinpatientswithmultiple
sclerosis.Annals of Neurology, 1994; 36 Suppl:S118-121.

Polm~ C.H.,Bertelsm~ F.W.,andvanLoene~A.C. 4-aminopyridineinthe
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injury:acontrolled,double-blind,crossoverstudyineightpatients.Journal of
Neurotrauma, 1993; 10(1):1-18.
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patientswithchronicspinalcordinjury.Parap/e~”a, 1993; 3 1(4): 216-224.
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Nockels,R.andYoung,W. Pharmacologicstrategiesinthetreatmentofexperimental
spinalcardinjury.Journal of aneurotrauma, 1992; 9 Suppl1:S2 11-217.

Stefoski,D.,Davis,F.A.,andFitzsimmons,W. E. 4-Aminopyridineinmultiplesclerosis:
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Information about dosage forms used:

Capsules

Information about strength:

10mg

Information about route of administration:

Orally

Stability data:

Meltsatabout158.9°
Strongoxidizingagents
Strongacids
Acidchlorides
AcidAnhydrides

Formulations:

Miscellaneous Information:
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CERTIFICATE OF ANALYSIS
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QUALITY CONTROL REPORT

CHEMICALNAME. :AMINOPYRIDINE (4)

MANUFACTURE LOT NO, :1OO2O977

PHYSICAL TEST

SpeCifiCatiOn TEST STANDARD.:USP /BP /MERCK /NF /MART. /CO.SPECS.—— —— — —“

/’”/ I)DESCRIPTION. :
]/’ _WHITE CRYSTALS,ORCRYSTALLINEPOWDER.IS m2R@s&

2)SOLUBILITY. :
SOLUBLEIN WATER;SOLUBLEIN BENZENE,IN ALCOHOLAND IN ETHER.

h
3)MELTING PIONT.:

MELTSAT ABOUT158.9 degree.
—....——

4)SPECIFIC GNiVITY. :

S)IDENTIFICATION. :
A)COMPLIES AS PER IR SPECTRUMCO.SPECS.

PASSES.:

COMMENTS.:

ANALYSTSIGNATURE.:

FAILS.:

DATE.:

PREPACKTEST.: DATE.: INITIAL.:

RETEST.: DATE.: INITIAL.:

-._-—



MATERIAL SAFETY DATA SHEET

[Jseyourweb browser’s “Back” key to return to previous topic

MATERIAL SAFETY DATA SHEET

4-Aminopyridine, 987.
11601

MSIX Name: 4-Aminop~tidine, 98’%o

Company Identification: Acres Organics N.V.

~=-, One Reagent Lane
Fairlawn, NJ O741O

For information in North America, call: 800-ACROS-01

For emergencies in the US, call CHEMTREC: 800-424-9300
For emergencies in the US, call CHEMTREC: 800-424-9300

**** sECTION 2 _ COMPOSITION, INFo~frIoN ON INCJ~DIE~s ****

+---––--–-–-------+----------------- --------–------------+–----------+-––-–------+
I CAS# I Chemical Name 1% I EINECS# I

l---------------- l---------------- ---------------------- l---------- 1-----------1
504-24-5 14-AMINOPYRIDINE 98% I 207-987-9 [

+-–--––--------–-+-------------- ---------------–-–------+-–--–-––--+---–-------+

Hazard Symbols: T+
Risk Phrases: 28 36/37/38

****SECTIoN3 - HAZARDSIDE~IFICATIoN****

EMERGENCY OVERVIEW
Appearance: white.
Danger! May be fatal if swallowed. May be fatal if absorbed through
the skin. Aspiration hazard. Poison! Causes eye and skin irritation.
Causes digestive and respiratory tract irritation. May be fatal if
inhaled.
Target Organs: Central nervous system.

Potential Health Effects
Eye:

Causes eye irritation. Causes redness and pain.
skin:

Causes skin irritation. May be fatal if absorbed through the skin.
Substance is rapidly absorbed through the skin. Causes symptoms
similar to those of inhalation. Causes redness and pain.

Ingestion:
May be fatal if swallowed. May cause irritation of the digestive
tract. Poison by ingestion. May cause effects similar to those for
inhalation exposure.
b oral dose of 590 mg/kg of 4-atinopyridine in a man produced shortne
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ss of breath, nausea, vomiting, hallucinations and distorted perceptio
n. Affects the CNS to produce tremor, excitability and convulsions.

Inhalation:
Inhalation of high concentrations may cause central nervous system
effects characterized by headache, dizziness, unconsciousness and
coma . Causes respiratory tract irritation. May cause severe
headaches, nausea, increased blood pressure, weakness, convulsions,
and a stuporous state.

Chronic:
Not available.
None

*+**SEcT1oN4 . FIRsTAID~SU~S *+**

Eyes :
Immediately flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid immediately. Immediately flush skin with plenty of
soap and water for at least 15 minutes while removing contaminated
clothing and shoes.

Ingestion:
Do NOT induce vomiting. If victim is conscious and alert, give 2-4
cupfuls of milk or water. Never give anything by mouth to an
unconscious person. Get medical aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

***+ sECTION 5 _ FIRE FIGHTING ~U~s +**A

-.___
General Information:

AS in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
may be generated by thermal decomposition or combustion. Containers
may explode in the heat of a fire. Combustible solid.

Extinguishing Media:
In case of fire use water spray, dry chemical, carbon dioxide, or
chemical foam.

Autoignition Temperature: 640 deg C ( 1,184.00 deg F)
Flash Point: 156 deg C ( 312.80 deg F)
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

**** sEcIjIIoN 6 - ACCIDENTAL RELEASE MEASURES *+**

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Vacuum or sweep up material and place into a suitable disposal
container. Avoid generating dusty conditions. Remove all sources of
ignition. Provide ventilation.

****SECTIoN7 - ~DLING andSTO~GE****

_—._. .

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Minimize dust generation and accumulation. DO not
breathe dust, vapor, mist, or gas. Do not get in eyes, on skin, or
on clothing. Avoid contact with heat, sparks and flame. Do not ingest
or inhale. Use only in a chemical fume hood.

Storage:
Keep away from heat, sparks, and flame. Keep away from sources of
ignition. Store in a tightly closed container. Store in a cool, dry,
well–ventilated area away from incompatible substances. Poison room
locked.



MATERIAL SAFETY DATA SHEET

**++ SECTION 8 _ Expos(J~ co~RoLs, PERSONAL PROTECTION ****

Page 3 of 5
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Engineering Controls:
Use only under a chemical fume hood.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+

Chemical Name NIOSH IOSHA - Final PELsI

1--------------------/--------:::::------ ‘l------------------- l----------------- I
I 4-AMINOPYRIDINE lnone listed lnone listed [none listed I
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
4-AMINOPYRIDINE:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 29 CFR 1910.133.

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to prevent skin
exposure.

Respirators:
Follow the OSHA respirator regulations found in 29CFR
1910.134. Always use a NIOSH-approved respirator when
necessary.

****SEcTIoN9 - pHySIcALANDCH~I~ PROPERTIES****

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:
Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Solid
white
Characteristic odor
Not available.
0.8 mmHg @25c
Not available.
Not available.
Not available.
273 deg C (!7’60.00mm Hg
155 - 158 deg C
Not available.
74 G/L (20aC)
Not available.
c5H6N2
94.12

**+T* SECTION 10 _ sT~ILITy MD R~cTIvITy ****

Chemical Stability:
$table under normal temperatures and pressures .

Conditions to Avoid:
Incompatible materials, ignition sources.

Incompatibilities with Other Materials:
a aaents, stronq acids, acid chlorides, acid anhydrides

Hazardous Decomposition Products:
Nitrogen oxides, carbon monoxide, carbon dioxide.

Hazardous Polymerization: Will not occur.

***+ SECTION 11 _ ToxlcoLoGIc~ INFo~TIoN ****

RTECS# :
CAS# 504-24-5: US1750000

LD50/Lc50:
CAS# 504-24-5: Oral, mouse: LD50 = 19 mg/kg; Oral, rat: LD50 = 21
mg/kg.

Carcinogenicity:
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MATERIAL SAFETY DATA SHEET

4-AMINoPYRIDINE -
Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

Epidemiology:
No data available.

Teratogenicity:
No data available.

Reproductive Effects:
No data available.

Neurotoxicity:
No data available.

Mutagenicity:
No data available.

Other Studies:
No data available.

+’*** sECTION 12 _ ECOLOGIC= INFO~TION +***

Ecotoxicity:
Bioaccumulation: none or low

Environmental Fate:
Not readily biodegradable.

Physical/Chemical:
Not available.

Other:
Not available.

**** SECTION 13 _ D1--pos~ coNslDE~T1oNs ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series ChKonic Toxicity Reference Levels: Not listed.
RCFA F-Series: Not listed.
RCRA P-Series: waste number PO08

___ RCRA U-Series: Not listed.=— -.
This material is banned from land disposal according to RCF?A.

**** sECTION 14 _ T~SpORT INFc)~TION +~~+

US DOT
Shipping Name:
Hazard Class:

UN Number:
Packing Group:

n40
Shipping Name:
Hazard Class:

UN Number:
Packing Group:

IATA
Shipping Name:
Hazard Class:

UN Number:
Packing Group:

RID/ADR
Shipping Name:

Dangerous Goods Code:
UN Number:

Canadian TDG
Shipping Name:
Hazard Class:

UN Number:

AMINOPYRIDINES
6.1
2671
II

AMINOPYRIDINES
6.1
2671
II

AMINOPYRIDINES
6.1
2671
11

AMINOPYRIDINES
6.1(12B)
2671

AMINOPYRIDINES
6.1
UN2671

**** SECTION 15 - REGULATORY INFORMATION ****

US FEDERAL

.~ TSCA
CAS# 504-24-5 is listed on the TSCA inventory.

Health & Safety Reporting List
None of the chemicals are on the Health k Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b

—.-. .“___.,“.... .. _____
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None of the chemicals are listed under TSCA Section 12b.
TSCA Significant New Use Rule

None of the chemicals in this material have a SNUR under TSCA.
SARA

Section 302 (RQ)
final RQ = 1000 pounds (454 kg)

Section 302 (TPQ)
CAS# 504-24-5: TPQ = 500/10,000 pounds

Section 313
No chemicals are reportable under Section 313.

Clean AiK Act:
This material does not contain any hazardous air pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.

Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the CWA.
None of the chemicals in this product are listed as Toxic Pollutants
under the CWA.

OSHA:
None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
4-ANINOPYRIDINE can be found on the following state right to know
lists: California, New Jersey, Pennsylvania, Massachusetts.
California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: T+
Risk Phrases:

R 28 Very toxic if swallowed.
R 36/37/38 Irritating to eyes, respiratory system
and skin.

Safety Phrases:
S 1 Keep locked up.
S 37[39Wear suitable gloves and eye/face
protection.
S 45 In case of accident of if you feel unwell, seek
medical advice immediately (show the label where
possible) .
S 28A After contact with skin, wash immediately with
plenty of water.

WGK (Water Danger/Protection)
CAS# 504-24-5:

Canada
CAS# 504-24-5 is listed on Canada’s DSL/NDSL List.
This product does not have a WHMIS classification.
CAS# 504-24-5 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

**** sEcTTfjN 16 _ ADDIT1oN~ INFc)~TIoN **!+*

MSDS Creation Date: 3/01/1994 Revision #7 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages..~ ________________________________________________________________________________

l~~;hto product i.nformation



Ecothiopate lodide/Guanidine Hydrochloride 1421
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euromuscular blocking agents such as atracutium and
$mnium.’ lIwassuWe~ldthat tiau*o(itsshonerd.-

k

m of action and lesser effect on the vagus, edrophonium
@be Ihe more suitable a~em~ However, although it has a

rapid onset of acuon3 than neosupmine and does m-n
-lo re-induce blockade on repealed adminismalion$ its

1
!Cddwcll 3S?,el al. Anlagomsm of vecuronium and atracunum:

“’” mparison of neosttgmme and cdrophomum adnumskred aI
5% twitch helghl recovery Br J Anarrrh 1987:5947%S i

., @ley BA. c1 al. Electnc?l and mechanical responses after
. eummuscularblockade w!thvccurumum.and subscqucman.

.=ragonism with neosugmine or edmphomum Br J Anarsfh
19s759 983-s.

~ t3fdwe11% el al. Amagomsm of profound neuromuscular
b blockade induced by vecumnium m atracurium comparison
. of neosligminc with edrophonium Rr J Anacs!h 19S6: Sit:
, I 2ss-9
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treatrhent of Alzheimer’s disease but has been re-
ported to produce adverse haematological effects.

References.
[ Unni LK. el al. Kine[ics of cbolinesterasc inhibition by

cptasngmmc m man Eur J Chn Pharmacol 1991; 4t: 83-4
X AUIeri A, cl al. Pharmacodynanws and pharmacokmctics of b

eptasugmirw i“ elderly subjects Eur J Ch. Phannncol 1993;
45: 373-6

Eaton-iarnbett myastlsenic syndrome. Agenfs such as
fampridinc which increase release of acetylcholine from
nerve terminals may be effective in the treatment of Eaton-
Lambert myasdrenic syndrome, seep, 1414. Some references
to the usc of fampridine are given below.

-1. AgosronS, t-ral. Effc-msof 4-ammopyridrne m Erdo” Lambcn
syndrumc. Br J Amwsth 1978. SO: 383-5.

Multiple sclerosis. Fam~ridine has notasslum-channel
blocklng activity and has L&n tried in th~ wemmem of mulli -
ple sclerosis to improve conduction in demyelinated fibrcs;

Eseridine SalicYlate (4522.rn)
improvement have been reporled in walking, dexterity. and
vision. but only small numbers of padema have been studied

Eseridine Salicyfate (rfNNM),
For a discussionof the managementof multiple sclerosis, in-

Esenne Ammoxide 5ahcylate;Esenne Oxide Salicylate Ph~-
cluding mention of fampridine, see p.657. Some references to
the use of fammidine are given below.

osugmine Atmnoxide Salrylate; Pbysostigmine N-Ox}de 5alt- af. OrsOy administered4-aminopyridine improves~ 1. Davis FA.cI “
cyiate. (4a5,9aS)-2,3,4,4 a.9.9a-HexahyrJro-2.4a.9 -tnmetbti- ~ CIImCalSIgITSin mulliPlc sclcrmis. Ann Neum/ IW. 27: 186-
1j2-oxazlno[6,5-b] mdol-6-ylmethylcarb~mate talicyfate. ‘ - 92

2 Bcvcr CT PI al. The effects of 4-aminopyridinc in rmdtiplc
C15H2, N303.C7H60> = 429.5,
CAS — 25573 -43-7 (eseridine); 5995.96-O (eseridine so\.

escleroslsPatie.S: xsul@ofarandomizcd. placcbo.co.lrollcd,
double-blmd,concenlmlion-contmlled, crossovtr real. Ntwrol-

icylote). OgyI994:44: I 054-9.

Eseridine salicylate is an inhibi[or of cholinesterase
activity that has been given by mouth in prepara-
tions for dyspepsia and other gastric disorders. It has
also been studied for use in the treatment of Alzhe-
imer’s dk+ease.

A study[ of the phartnacokinetics of eaeridlne aaficylarc fol-
lowing oral administration as oral drops or granules.
1. Aslier A, Petttjean O. Phannacokineucs of an anticholincstera-

sic agent (cserin N-oxydeJ in humans aflcr adminismuion of
two mienicforms.J Phmmacd Clin 1985:4:521-7,

Preparations
Nan& of prepamticmsare listed below; dewils am given in Parr 3.

Proprietary Preparations
Fr. G.+nk?rme.

Multi-ingredient preparations. F.: Vagos&inet.

z-.Fampridine (123W)

~

$!?omusc.larblockade wit~ cdmphoni.m or neostigmi% Br J
- ;&naesth 1987; 59; 473-7.
“ ‘raraffieddcL. et al. Chemical weapam Br Mrd J 1991; 302 /jP&”:’’NN’”L-970 Fampridina. 4-Ammopyridine: 4-P@dinamine

:ulasifM. Recovery charac!ensrlcs after earl> administra-
Jn of amicholinestemsc<during #ntcnscmwacurium.mduccd

/.+ neuromuscularblncl., B, J Anoc,%fh1995.74: ?&S.
10.Maddineni VR. cr al. Rccovcn of mnsacunum bluck wth m

k“
“a without anticholincswrasm fo(lonmg admmmra:io” by con.

““Sinuousinfusions, Amxwhcsm 1994.49:946-8
I; Connolly FM, et al. Amapmi%mcd mivacurium block wilh

‘“‘ edruphonium from variou, degree%of sponlancmt? recovery
i? flr J Amcsfh1995.74:2!9-30

kfse bite. For the use of am)cholmeswrases in the treat.
titent of snake-bite, see under Uses and Administration of Ne-
?$@mrineMethyisulphate, p. 1424.
.,. .
Tetrodotoxin poisoning. Adminismmion of edropbonium
intravenously haa produced an immediate increase in mmor
pJwer in patients with respirato~ distress and paresis or re-
duced muscle power following ingestion of ~ffer fish
(Sphaeroides macukmu.r or Arorhron .rrellams). Recovery
.~y be accelerated by suhsequem treatmenr with a long-acl-
Iogaitticholinesterase such as neost!gmine, In mild poisoning
Uticompticated by rcspwato~ distress or paralysis, neostig-
tttk given al~”c intramuscularly has prti”ced marked im.
~vcment of paraesthesm and numbness.
T.’ChewS’K,t, al, Anlicholt”eqcr4\e drug< in the Uealmenl0{
~‘Wrodotoxinpoismti”g, .!J”L-.-I1984: ii: 108

~f+rations
N&of preparations am listed klnw: demils we given m Part 3.
Omckt PrerI.”*i.”<
Bp 1993: E&~h~~i~ I“jecl 1o”:
~~~23: Edmphmium Chloride Injecnon

‘mb~e~ Preparations

&l AgosmnS,e!al. Antagonsmofketami”c-diazcpamanacstbe-
SMby 4-amtnopyr!dinc m human volunteers, Br J Amze.rh

-: EnIon: T.msilcm: E!m Tensiion: S.Afr ensdont: UK:<,;, & 1980,,,:,,,.70bSiiOT fJsA;E“IO”,En)on.p}u,:(&cr 7 Evenhws 1. et al, Phmmacohncncs of 4.ammopyridtnc m hu-
man vohmleers Br JAnac.wh 1981:53: 567-9.

n
@%mine(dNN). Y~-oe~thyl.N-hep~lphySOSClgmlne (3~, 1 .

z~yd~- 1.3a,8-tnmethylpyrrolo~,3.b]mdol
.amate.

,+33N302 = 359.5.
Y

h#’- 101246 .6E.8, 7

pi ~;.

7k~dgrnine is a reve~~ible inhibitor of cltolineste

~.~. activity; it ;S a [ipophilic derivative of phys-

i~$!~ne (seep. 1424). It is being studied in the oralb.

L~,s.~bol t demxes a preparation no longer actively m~kete

CAS — 504-24-5.

Fampridine enhances the release of acetylcholine
from nerve terminals and has been used intrave-
nously in some countries to reverse the effects of
competitive (non-depolansing) muscle relaxants, It
has also been tried by mouth and intravenously in
the management of a number of neurological disor-
ders including Eaton-Lamberr myasthenic syn-
drome, multiple sclerosis, and Aizheimer’s disease,
and for the reversal of neuromuscular blockade in
patients with botulism. The overall treatment of
these conditions is described on p. 1414 (Eaton-
Lambert myasthenic syndrome), p.657 (multiple
sclerosis), p.i413 (Alzheimer’s disease under De-
mentia). and p. 1615 (botulism).

Fampridine has also been considered as a specific
antidote in poisoning with calcium-channel blockers
such as verapamil,

Adverse effects, especially seizures, may limit its
use.

References.

k---- (#. TcrWCCPM.CIIII.J-Amiwwridineandh=modlahi~in (he
k wcatmem of verapamil ln(oatcation Hum TOI;COI 1985; 4:

3~7-9.

4
Alzheimer’s dkease. Fampridine enhances acetylcholine
release from newe terminals and has been med in [he treal-
ment of Alzheimer’s disease, For a discussion of the manage-

; mem of Alzbeimer’s disease and other dememias and the
varmus treatments Lhtuare being tried. see under Demcmw on

k P. 1413. Some ~eferences m the use of fampridine in rbc treat.
ment of Alzhetmer’s disease arc given below,

Mism. Fampridine is one of several agents that have been
o reverse neuromuscular blockade In ptttienls with bol-
~eep.1615,

Galantamine Hydrobromide (4517.g)
Galantamme Hydrobtumide (rfNNM).
Galanthamme Hydrobromide: Galamhamini Hydrobrom+-
dum, 1,2,3,4,6.7,7a. I Ic-Ocrahydro-9-methox.y 2-metttylbert-
zofuro[4.3,2-e(g] Q]bertzazocin-6-ol hydrobromide.
C17HZl N03,HBr = 368.3.
CAS — 357-70-0 (golantomine); I 953-04-4 (golontamine

hydrobromide),

Phormacopoeim. In Chin.

The hydrobromide of galantarnine, an alkaloid which has
been obtained from the Caucasian snowdrop (Voronov’s
snowdrop), Galan/Jtm wmtmowii (AmaryIlidaceae), and re-
lated species.

Galantamine hydrobromide is a reversible inhibitor
of cholinesterase activity, with actions similar to
those of neostigmine (see p. 1422), It has been used
to curtail the muscle relaxation produced by com-

petitive (non-depolarizing) muscle relaxants such as

tubocurarine and gallamine.

Galantamine hydrobromide is a long-acting inhibitor of
cholinestemse activity which mosses the blood-brain barrier
and is being studied in patients with Alzheimer”s diseasel and
m mania:: for discussions of the management of these disor-
ders. see under Dementia, p. 1413 and under Bipolar Disorder,
p.~~ respmiveiy. Like physostigmine it is reported m re-
verse opioid-induced respiratory depression without affecting
analgesia.’ The pharmacokinetics of gatamaminc have been
studied.4.s
1. ThompsenT. rf al. Galan[hamincbydmbrom!de m n Iong-wm

tremmemof Alzhcsmer”sdtseaac. Demcwfia 1990, I: 46-51.
2 Snorra$on E, Stefanmon JG Galanthammr hydmhromidc in

mama Lance! 1991.337:557.
3 Wlnm?cl. M, e! al. Effecl of physomgm!ne on mo~h, nc-im

duccd pm[operauve pain and somnolence. Rr J Anwwh 1982.
54:429-34.

4, Westra P,e, o! Phammcokmctacsof galanthamtm {a kmg..rcl-
inp amicholinesterase drug) in anaestheuzed palnents Br J
A“rmuh 1986. 5S: t303-7,

5 BIckcl U. cl al Pharmacoktnctics of mlanthamme in h“mms
and corrcspmdm~ cholmesmase mh;bmm C/in Pharmoc’.l
Ther 199t: SO:4XMJ.

Preparations
Names of prcpamtitms are listed below; details are given in ParI 3.
PrOprieUry Prepatatiorrs
Au.w, Nivaltn: hd.: Nivalinai.

Guanidine Hydrochloride (12007-c)
Carbam!dine Hydrochloride; Iminourea Hydrochloride.
CH5N1.HCI = 95.53.
CAS — I 13-00-8 (guonidme): 50-01- I (guonldine hydro-
chloride).

Guanidine hydrochloride enhances the release of
acetylcholine from nerve terminals and although it
has been given by mouth to reverse neuromuscular
blockade in patients with botulism, its efficacy has
not been established. Guanidine hydrochloride has
also been tried in Eaton-Lamberi myasthenic syn-
drome and other neurological disorders. but its use
has been associated with bone-marrow suppression
in some paliems.

Botulism. Some references to the use of guzmicfine m reverse
neuromuscular blockade in patients with botuli m> are given

. . ... . . . _
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References: P. van Amerongen, Curr. med. Res. Opi-
nion, [979, 6. 93; C. Vautcrin and M, Bazot, ibid., 101;
S. Bernstein, ibkf., 107.

Proprietary Names
Survector (Euthtfrapie. Fr.).

12359-p

Aminobutyric Acid. Gamma-aminobutyric
Acid; GABA. 4-Aminobutyric acid.
C4H~NO*=!03.1.

CAS — 56-12-2.

White crystals with a bitter taste. Freely soluble
in watec slightly soluble in hot alcohol; practi-
cally insoluble in other organic solvents.

Aminobutyric acid is believed to act as an inhibi-
tory neurotransmitter in the CNS. It has been
claimed to be of value in cerebral disorders and
coma and to have an antihypertensive effect.
Adverse effects have included gastro-intestinal
disorders, insomnia, headache, and pyrexia.
Dver I period of 2 months 7 patients with Huntington’s
chorca were treated with aminobutyric acid starting at a
dose of 1 g and increasing to 12 to 32 g daily. Two
patienta gained improvement of function and a decrease
in choreiform movements and a third patient showed
moderate improvement.— R. FLsher er al. (letter), Lmr-
cef, 1974, /, 506.
Severe peripheral vascular collapse occurred in one of
the authors 90 minutes after taking 8 g of chromate
graphically pure aminobutyric acid.— T. L. Perry er al.
(letter), brcer. ]974, /, 995. Doses of I to 2 g daily
and 40 g given over 48 hours had produced no serious
side-effects.— R. Fisher ef al. (letter), ibid., 1347.
y-Vinyl aminobutyric acid, an irreversible inhibitor of
aminobutyric acid transaminaae. had a beneficial effect
in 7 of 9 patients with tardive dyskineaia when given by
mouth in dosea ranging from 2 to 6 g daily. Dyskineaia
was aggravated in the other 2 patients. Sedation waa the
mast prominent side-effect.— G. P. Tell el af. (letter),
New Eng/. J. Med., 1981, 305, 581. see also J. Grove er
al. (letter), Lmcef, 1980, 2, 647.

Proprietary Names
Gamarex (Causyth, Ifal.); GammaIon (Daiichi, Jap.~
Mielogen (Made, Spain).

12360-n

Aminohydroxybuty ric Acid. 4-Amino-3-
hydroxybutyric acid.
C4H9NOj==119.1.
CAS — 352-21-6.

Odourless white crystals or crystalline powder
with a slight characteristic taste. Very soluble in
water; very slightly soluble in alcohol, chloro-
form, and other organic solvents.

Aminohydroxybutyric acid has been claimed to
be of value in neurological disorders and to have
an antihypertensive effect. Adverse effects have
included dizziness and anorexia.

Proprietary Names
Aminoxan (Kakerr, Jap.); Bogil (L[or.mte, Spain);
Gabimex (Gramon. Ar .); Gabob (Jap.); Gamibetal

t(lSF, ltd.; OrrO,Jap.; I sa, Switz.); Gabomade (Made,
Spain);Gaboril (Seber,Spain).

12361 -h

Aminomethiazole Tartrate. 2-Amino-4-
methylthiazole hydrogen tartrate.
C4H6N2S,C4H606= 264.3.

Aminomethiazole tartrate is an antithyroid agent.

Proprietary Names
Normotiroide (Vita, [Id.).

12362-m

Aminonitrothiazole (B. vet. C. 1965).Amin-
onitrothiazolum. 2-Amino- 5-nitrothiazole.
CjH3NJ02S=145.1.
C.4S — 1320-42-9.
Pharmacopoeias. In Nerd.

—
—_

Substances

A greenish-yellow to orange-yellow light odour-
Iess powder with a slightly bitter taste. Slightly
soluble in water soluble 1 in 250 of alcohol and
of etheq practically insoluble in chloroform.

Aminonitrothiazole has been used in veterinary
medicine in the prevention and treatment O(
blackhead (histomoniasis) in turkeys and chick-
ens, and in the treatment of canker (tri-
chomoniasis) in pigeons.

12363-b

Aminopicoline Camsylate. 2-Amino-4-met-
hylpyridme camphor-1 O-sulphonate.
C6H8N2,C,0H,604S =340.4.

Aminopicoline camsylate has been used for its
reputed beneficial effect on the circulation.

Proprietary Names
Piricardio (Nagel, Ital.).

12364-v

4-Aminopyridine.
CJ-IbN2=94.1.
CAS — 504-24-5.

4-Aminopyridine is reported to reverse the effects
of non-depolarising muscle relaxants and to have
analeptic effects. Improvement of myasthenia
gravis has been reported. Aminopyridine hydro-
chloride and aminopyridine sulphate have been
used.
References: W. C. Bowman et al., J. Pharm. Pharmac..
1977, 29, 61& H, Lundh et al., J. Neurol. Neurosurg,
Psychiaf., 1977, 40, 1109; S. Agoaton er al., Br. J.
Anaesfh., 1978, 50. 383; H. Lundh et al., J. Neurol.
Neurosurg. Psychiot., 1979, 42, 17 l; S. Agoaton ef al.,
Br. J. Aruresth.. 1960, S2. 367; J. Evenhuis et al., ibid.,
1981, 53.567.

Proprietary Names
Pymadin.

12365-g

Aminorex. Aminoxaphen; McN-742. 2-
Amino-5-phenyl-2-oxazoline.
C9H,0N20=162.2.
CAS — 2207-50-3.

Aminorex is an anorectic agent which was with-
drawn from use because of its association with
pulmonary hypertension which sometimes proved
fatal.

12366-q

Ammonium Benzoate (B,P.c. 1949). Ammo-
nii Benzoas; Ammonium Benzoicum,
C6H5.C02NH4=139.2.
CAS — 1863-63-4.

White almost edourleas scaly crystals, Soluble 1
in 6 of water, 1 in 30 of alcohol. and 1 in 8 of
glycerol. Incompatible with acids, fruit syrups,
ferric saIts, and alkali hydroxides and carbonates.

Ammonium benzoate has been used for increas-
ing the acidity of the urine and as an expectorant
in chronic bronchitis.

12367-p

Ammonium Citrate (B.P.C, /949). Ammon.
Cit.
C6H507(NH.)3 = 243.2.

CAS — 3458-72-8.

A white or almost white, very deliquescent, crys-
talline powder with a saline taste. It tends to lose
ammonia and to be partly converted to an acid
salt. Very soluble in water. Store in airtight con-
tainers.

Ammonium citrate has been used as a mild
expectorantand diuretic.Afterabsorptionitk

T&ygfyconverted into carbonate and ureaand,.
tirealkalinityoftheurineonlyslight]y:~

.=i
12368-s

. ,Y;xp
Ammonium Persulphate (B.P.c. JO.., m i
(NH,) 2S,0B=228.2. - ‘“

CAS — 7727-54-O. +,.4

Colorless odoudess crys!a~ or whi~e’~~
crystalline powder, contammgabout 1% ‘.
Iable oxygen. soluble 1 m 2 of waten ~
insoIuble in dehydrated alcohol. It is S&v,G ,
normal conditions of storage but it d&#.
rapidly at about 95°. It decomm= ,:+.,
presence of moisture and of tracm of;’~
metallic impurities. Store in a cool A,=---- ,:,r- ~airtight containers. Protectfromlight.!+X:;
Ammonium pcrsulphate is a, powerful,&
agent which has been used m photogmphy~
various industrial processes. Strong solufj~ &
irritant to the skin. Niullrl,

Severe reactions. including ,W of W&&.&

occurred after using hair bleach containing ~
Pcrsuiphaie.— C. D. Calnan and S. Sh~, +
~::gl ~963, 88. g IZ per J. SW. cosmet. C-<1%7,

:- sjr:w~

12369-w
: ‘:. i7q; ~~

- I zsb+
“~’~ (ak,JAmmonium Phosphate (u.s.N.F., B.P.Cif.,

/949). Diammonium Hydrogen Phosphate:+

CAS — 7783-28-O.
&~6j&1tj

monium hydrogen orthophosphate. ~:~~~t’,
(NH,) lHPO,= 132.1. #> “kl.i

Pharmacopoeias. In U.S,N,F.
,,. . .Znil;ritjjr

.(1 .swlodj
Colorless crystals or granules with ;:~?sti~
odour and a saline taste. Lose.sammortia~m
ex~sure to air, forming some ammonium;&**
rogen orthophosphate, NH4H2P04.Sohsb3e~ih2
of wate~ practically insoluble in alcoboL~ArJ8
solution in water has a pH of 7.6 to ,&21, A
1.76% solution is iso-osmotic with aerumi km.
rsatible with alkalis. ferric salts. and &ftmtW
heavy metals. Store in airtight eotstainerail~
Ammonium phosphate was forme~[y’ ~,,,,
diuretic. It may be used as a bufferitrg; a$I
pharmaceutical preparations. -. I

s?iqatl:.

12370-m
!; @
I)i,l ,:

Ammonium Salicylate. ~,C$~~
C7H9N0,=155.2. =ldL.-
CAS — 528-94-9. I

,.::sq

Ammonium salicylate has been used top~d
skin disorders.

Proprietary Names
%$

Salicyl-Vasogen (Pearson. Ger.).

t

:..o~

I 3ro “ ‘s;~

12371-b
,i&,> * ‘
;,l~f

Amoscanate. GO-9333;C-9333-f30/tik~ ‘ ~~
4540. 4-p-Nitroanilinophenyl isothiocyanaY&
C13H9Nj02S=271.3. ::W $

CAS — 26328-53-O.
,.

‘*U:,::
‘+%

A tasteless yellow substance. M.p. 204”J ~W”’~
Practically insoluble in water.

*
“:*V ‘.;

Amoscanate is an anthelmintic stdr, ., ‘
related to bitoscanate (see p.89). It is “eff@f@
against hookworm, Ancylosroma duode~~~
Necator arnericarrus, and against Schiti&,

‘%&.mamoni and S. japonicturr; it haslimit?
againstS.haematobium. .q#
Adverse effects reported include gastro-,~ .,,W
effects, skin rash, and giddiness.

‘%%References: B. J. Vakil et a/., Tzarrs. R. Sot. %&.
Hyg., 1977, 71, 247; B. V. Ashok et al., Br.j~

Pharmac.. 1977. 4. 463: J. C. Doshi ef al.. A



Page Number : 1

.-=— -.

<1>
Authors
Segal JL. Brunnemann SR.

Title
4-Aminopyri.dine improves pulmonary function in quadriplegti

h umamk with longstanding spinal cord injury.
Sburce
Pharmacotherapy. 17(3):415-23, 1997 May-Jun.

Abstract
STUDY OBJECTIVE: To test the hypothesis that
4-aminopyridine (4-AP) might cause clinically evident
improvement in pulmonary function in humans with chronic
spinal cord injury (chronic SCI). DESIGN: Balanced,
open-label study with subjects consecutively enrolled.
SETTING: Spinal Cord Injury Service, university-affiliated
tertiary level care Department of Veterans Affairs Medical
Center. PATIENTS: Seventeen healthy men and women suffering
from traumatic SCI (11 quadriplegic, 6 paraplegic patients)
for more than 1 year. INTERVENTIONS: Each subject was given
a ,_-e of 4-AP 10 mg oraIly in an immediate-release
fa?mulatiori. MEASUREMENTS AND MAIN RESULTS: Significant
increases in mean values of forced expiatory volume in 1
second (FEV1), forced vital capacity (FVC), maximal
inspi.ratory pressure (MIP), and;~~~ expiatory pressure
(MEP) “that persisted for at leagk M! hours were
demomt’mted ‘in qua,$lri leg~c p=ients beginning 6 hours

f~+W’adhi~tiifi*at. .. “
Y

Tests of pulmonary function that
demonstrated statistical y significant increases at any
time were alSO numerically, if not statistically, increased
at 24 hours compared with pretreatment values obtained in
4-AP-maive subjects. CONCLUSIONS: The administration of a
single dose of an immediate-release formulation of +AP to
hlunanswith longstanding, traumatic quadriplegic is
associated with sustained, clinically meaningful, and
statistically significant improvements in pulmonary
functfon. We suggest that the administration of 4-AP may
have a salutary effect in patients suffering from SCI and
appears to be associated with potentially clinically
significant reductions in the pathophysiologic pulmonary
sequelae of SCI.

<4>
Authors
Schwid SR. Petrie MD. McDermott MP. Tierney DS. Mason
DH . Goodman AD.

Title

-v

Quanti.tati.ve assessment of sustained-release
4-aminopyridine for symptomatic treatment of multiple

.-.
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sclerosis.
Source
Neurology. 48(4):817-21, 1997 Apr.

Abstract
OBJECTIVE: To evaluate the efficacy of 4-aminopyridine
sustained release (4AP SR) (fampridine, EL-970) using
quantitative measures of motor function in multiple
sclerosis (MS) patients. BACKGROUND: In vitro, 4AP improves
conduction through demyelinated axons. A previous
multicenter trial of 4AP SR using the Expanded Disability
Status Scale (EDSS) as the primary outcome was unable to
establish clinical efficacy. DESIGN\14ETHODS: Ten MS
patients with stable motor deficits (EDSS 6.0-7.5) were
given 4AP SR 17.5 mg bid and placebo for 1 week each in a
double-blind, placebo-controlled, crossover trial. Time to
walk 8 meters, time to climb four stairs, maximum voluntary
isometric contraction measured quantitatively (MVICT),
manual muscle testing (MMT), grip strength, EDSS, and the
patient’s global impression were measured. RESULTS: ““Time#
gait.was bproved on 4AP SR compared with placebo in 9 @
10 SUbjt3CtS ‘(p = O.OZ). Timed stair climbing, MVICT, ~,
grip strength, and EDSS showed nonsignificant improvements
on 4AP SR. Based on their global impressions, seven
subjects preferred 4AP SR over placebo; only one preferred
placebo. There were no serious side effects. CONCLUSION:

---- 4AP SR improved motor function in HS patients. The
quantitative outcomes used in this study permit more
sensitive evaluation of the therapeutic effect and promise
to be useful in future trials of symptomatic treatments for
MS.

<5>
Authors
Chang FC. Bauer RM. Benton BJ. Keller SA. Capacio BR.

Title
4-Aminopyridine antagonizes saxitoxin-and
tetrodotoxin-induced cardiorespiratory depression.

Source
Toxicon. 34(6):671-90, 1996 Jun.

Abstract
Antagonism of saxitoxin-and tetrodotoxin-induced lethality
by 4-aminopyridine was studied in urethane-anesthetized
guinea pigs instrumented for the concurrent recordings of
medullary respiratory-related unit activities (Botzinger
complex and Nu. para-Ambiguus), diaphragmatic
electromyogram, electrocorticogram, Lead 11
electrocardiogram, blood pressure, end-tidal C02 and
arterial 02/C02/pH. The toxin (either saxitoxin or

___
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tetrodotoxin) was infused at a dose rate of 0.3
microgram/kg/min (iv.) to produce a state of progressive
cardiorespiratory depression. The animals were artificially
ventilated when the magnitude of integrated diaphragm
acti.viti.es was reduced to 50% of control. Immediately after
the disappearance of the diaphragm electromyogram, the
toxin infusion was terminated, and 4-arninopyridine (2
mg\kg, iv.) was administered. The therapeutic effect of
4-aminopyridine was striking in that the toxin-induced
blockade of diaphragmatic neurotransmission, vascular
hypotension, myocardial anomalies, bradycardia and aberrant
discharge patterns of medullary respiratory-related neurons
could all be promptly restored to a level comparable to
that of control condition. The animals were typically able
to breathe spontaneously within minutes after
4-aminopyridine. At the dose level used to achieve the
desired therapeutic responses, +aminopyridine produced no
sign of seizure and convulsion. Although less serious
side-effects such as cortical excitant\arousal and
transient periods of fascicular twitch could be observed,
these events were of minor concern, in our opinion,
particularly in view of the remarkable therapeutic effects
of 4-aminopyridine.

<8>

Authors
Chen HM. Lin CH. Wang TM.

.Title
Effects of 4-aminopyridine on saxitoxin intoxication.

Source
Toxicology & Applied Pharmacology. 141(1):44-8, 1996 NOV.

Abstract
Effects of 4-aminopyridine (4-AP) on neurotoxicity induced
by saxitoxin (STX) are investigated in this study. In
vitro, twitch tension evoked by nerve stimulation was
depressed by STX (1.35 nM) in rat phrenic nerve-diaphragm
preparations, and this inhibition was antagonized by 4-AP
(0.1 mM). In addition, 4-AP (0.1 mM) restored the firing of
membrane action potentials that were suppressed or even
abolished by 0.334 nM STX in frog sartorius muscles. In
vivo studies showed that 4-AP (0.3 mg\kg, iv) significantly
reversed the respiratory rate, tidal volume, and blood
pressure to normal values in anesthetized STX-toxicosis
rats. Furthermore, 4-AP (0.75-6 mg\kg, ip) no: only
prolonged the survival time but also decreased the
mortality of mice (71-43%) at a normally lethal dose (3o
micrograms\kg, ip) of STX. The results suggest that 4-AP
may be useful as an antidote for STX intoxication.

.-.
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<11>

Authors
Perez-Espejo MA. Haghighi SS. Adelstein EH. Madsen R.

Title
The effects of taxol, methylprednisolone, and
4-aminopyridine in compressive spinal cord injury: a
qualitative experimental study.

Source
Surgical Neurology. 46(4):350-7, 1996 Oct.

Abstract
BACKGROUND: Taxol is a diterpene alkaloid that stimulates
tubulin production in cells. It may be effective in
preserving the cytoskeleton of spinal cord axons after
injury. METHODS: Thirty-nine rats were submitted to spinal
cord compression. The animals were divided into three
groups that received taxol (18.75 mg\m2),
rnethylprednisolone (3o mglkg), or 4-aminopyridine (1
mg\kg ). Taxol was administered as one dose immediately
after injury and two additional doses on days 14 and 21.
Methylprednisolone was given as a single injection
immediately postinjury. Four-aminopyridine was administered
on days 25, 26, and 27. A group of nine injured animals
served as a control without any treatment. Evoked
potentials were recorded before, during, and 4 weeks
postinjury. Behavioral tests were measured to evaluate
recovery of motor function. RESULTS: The taxol and
methylprednisolone-treated animals demonstrated a
significant improvement in comparison with the control
group. No functional improvement was found at 1 mg\kg
treatment of 4-aminopyridine in rats. CONCLUSIONS: We
conclude that taxol and methylprednisolone given shortly
after the compression injury improve functional outcome
after an incomplete spinal cord injury.

<12>
Authors

Wananukul W. Keyler DE. Pentel PR.

v Title
Effect of calcium chloride and 4-aminopyridine therapy on
desipramine toxicity in rats.

Source
Journal ,~ Toxicology - Clinical Toxicology.
34(5):499-506, 1996.

Abstract
BACKGROUND: Hypotension is a major contributor to mortality
in tricyclic antidepressant overdose. Recent data suggest

__—a-
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that tricyclic antidepressants inhibit calcium influx in
some tissues. This study addressed the potential role of
calcium channel blockade in tricyclic
antidepressant-induced hypotension. METHODS: Two
interventions were studied that have been shown previously
to improve blood pressure with calcium channel blocker
overdose. CaC12 and 4-aminopyridine. Anesthetized rats
received the tricyclic antidepressant desipramine 1P to
produce hypotension, QRS prolongation, and bradycardia.
Fifteen min later, animals received CaC12, NaHC03, or
saline. In a second experiment, rats received tricyclic
antidepressant desipramine 1P followed in 15 min by
4-aminopyridine or saline. RESULTS: NaHC03 briefly (5 rein)
reversed hypotension and QRS prolongation. CaC12 and
4-aminopyridine failed to improve blood pressure. The
incidence of ventricular arrhythmias (p = 0.004) and
seizures (p = 0.03) in the CaC12 group was higher than the
other groups. CONCLUSION: The administration of CaC12 or
4-amlnopyridine d~cinot reverse tricycl~c
antidepressant-i,nduced hypotension in rats. CaC12 therapy
nay possibly worsen both cardiovascular and central nervous
system toxicity. These findings ~X support a role for
calci,um channel inhibition in the pdlEhogenesis of tricyclic

-. antidepressant-induced hypotension.----,
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Title
Atypical presentation of 4-aminopyridine overdose.
Source
Annals of Emergency Medicine. 27(3):382-5, 1996 Mar.

Abstract
4-Aminopyridine (4-AP) is an investigational drug for the
treatment of necrologic disorders including multiple
sclerosis (MS). Until recently, relatively little was known
about 4-AP toxicity in overdose; the only recorded cases
involved necrologic symptoms ranging from mild parasthesias
to tonic-clonic seizures. We report a case of accidental
4-AP overdose that resulted in continuous, dystonic,
choreoathetoid-type movements that responded to treatment
with standard anticonvulsant dosages of benzodiazepines.
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Effect of 4-aminopyridine in acute spinal cord injury.

Source
Surgical Neurology. 43(5):443-7, 1995 May.

Abstract
BACKGROUND: The demyelination process has been proven to be
an important factor contributing to long-term sensory and
motor impairments after spinal cord injury (SCI). The loss
of myelin promotes exposure of K+ channels in internodal
region of the damaged myelinated axons leading to K+ efflux
into the neurons with subsequent blockage of action
potentials. The potassium channel blocker 4-aminopyridine
(4-AP) has been effective in restoring some sensory and
motor impairment in incomplete SCI patients. The effect of
this compound given immediately after an acute injury is
not known. The objective of this study was to determine if
blockage of K+ ions efflux immediately after an acute SCI
would improve neuronal conduction in this model of injury.
METHODS: Cortical somatosensory evoked potentials (SSEPS)
were recorded before and after a weight-induced compression
injury of 120 grams, and were monitored up to 5 hours
postinjury. A randomized treatment was initiated with
administration of either vehicle or 4-AP. All 4-AP
treatments were given as intravenous bolus injections of
1.0, 0.5, and 0.3 mg\kg at 1, 2, and 3 hours after the
trauma. RESULTS: The SSEPS were abolished immediately after
the injury in all control and treated animals. Both groups
showed spontaneous recovery of the SSEPS at the rate of
44.5% for the 4-AP treated and nontreated groups at the
second hour postinjury. This recovery rate remained the
same for both groups at the end of the experiments.
CONCLUSIONS: Based on the recovery of the SSEPSA our data
indicate that early administration of 4-AP _ any
beneficial effect on axonal function during acute stage of
spinal cord injury.

<26>
Authors
Hayes KC. Potter PJ. Wolfe DL. Hsieh JT. Delaney GA.
Blight AR.

Title
4-Aminopyridine-sensitive necrologic deficits in patients
with spinal cord injury.

Source
Journal of Neurotrau,la. 11(4):43)-46, 1994 Aug.

Abstract
4-Aminopyridine (4-AP) +.sa potassium channel blocking
agent with the ability to restore conduction in
demyelinated internodes of axons of the spinal cord. The..-.
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present investigation sought to obtain electrophysiologic
evidence of the effect of 4-AP in ameliorating central
conduction deficits in a group of patients (n = 6) with
spinal cord injury (SCI). The group was selected on the
basis of having temperature-dependent central conduction
deficits. 4-AP (24-25 mg total dose) was delivered
intravenously at 6 mgh-1 or 15 mgh-1 while somatosensory
evoked potentials (SEPS) and motor evoked potentials (MEPs)
were recorded as indices of central conduction. Two
patients exhibited marked increases in the amplitude of
cortical SEPS, and in one of these, 4-AP brought about a
reduced central conduction time from L1 to cortex. Four
patients revealed increased amplitude MEPs with concomitant
reduction in latency indicative of enhanced conduction in
corticospinal or corticobulbospinal pathways. Two of these
patients demonstrated increased voluntary motor unit
recruitment following 4-AP. Clinical examination revealed
reduced spasticity (n = 2), reduced pain (n = l)? increased
sensation (n = 1), improved leg movement (n = 3), and
restored voluntary control of bowel (n = 1). These results
support the hypothesis that 4-AP induces necrologic
benefits in some patients with SCI. They are also
consistent with the emerging concept that pharmaceutical
amelioration of central conduction deficits caused by focal

--: demyelination may contribute to the management of a select----
group of patients with compressive or contusive SCI.

<27>
Authors
Li L. Zhang YP.

Title
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[Therapy of experimental autoimmune myasthenia gravis in
rabbits with 4-aminopyridine and 3,4-diaminopyridine] .
[Chinese)

Source
Chung-Kuo Yao Li Hsueh Pao - Acts Pharmacologic Sinica.
15(4):358-62, 1994 Jul.

Abstract
The autoimmune myasthenia gravis (AMG) in rabbits was
produced by intradermal injection of N-AChR-rich membrane
vesicles isolated from the electric organ of Narcine
limlei. After iv. 4-aminopyridine (4-AP) 0.8 mg.kg-l to 8
AMG rabbits, their general posture improved promptly, the
features Lf gastrocnemius compound action potentials and
toe twitches elicited by 4-Hz stimuli applied to the
sciatic nerve returned to normal, and the tetanic plateau
evoked by 50-Hz indirect stimulation was again well
sustained. This improved condition lasted 9.1 +/- 2.5 h.

.-,
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Other 8 AMG rabbits given 3,4-diaminopyridine (3,4-DAP) 0.4
mg.kg-l showed a similar improvement for 9.3 +/- 3.1 h.
These results indicated that 4-AP and 3,4-DAP were
effective in treating the AMG in rabbits, they may be
useful in the clinical treatment of myasthenia gravis
patients.

<29>
Authors
Polman CH. Bertelsmann FW. de Waal R. van Diemen HA.
Uitdehaag BM. van Loenen AC. Koetsier JC.

Title
4-Aminopyridine is superior to 3,4-dia.minopyridine in the
treatment of patients with multiple sclerosis.

Source
Archives of Neurology. 51(11):1136-9, 1994 Nov.

Abstract
OBJECTIVE: To compare the efficacy and toxicity of
4-aminopyridine and 3,4-diaminopyridine in patients with
multiple sclerosis. DESIGN: Intervention study with a
before-after design and a randomized, double-blind,
crossover design. SETTING: University referral center.
PATIENTS: Twenty-four patients with definite multiple
sclerosis who had been treated in a previous clinical trial
with 4-aminopyridine. INTERVENTIONS: Nonresponders to
treatment with 4-aminopyridine (14 patients) were treated
with 3,4-diaminopyridine in a 4-weekr open-label trial with
doses up to 1.0 mg/kg of body weight (before-after design).
Responders to treatment with 4-aminopyridine (10 patients)
participated in a comparative study of 6 weeks’ duration
with 4-aminopyridine and 3,4-diaminopyridine according to a
randomized, double-blind, double-crossover design. MAIN
OUTCOME MEASURES: Neurophysiologic variables for
nonresponders, necrologic functions and symptoms on a
visual analogue scale for responders, and side effects for
both groups. RESULTS: Toxicity profiles of 4-aminopyridine
and 3,4-diaminopyridine were different, and systemic
tolerability was reduced for 3,4-diaminopyridine.
4-Aminopyridine was more effective than
3,4-diaminopyridine, especially for ambulation, fatigue,
and overall daily functioning. CONCLUSION: Our data suggest
that, concerning both efficacy and side effects,
4-aminopyridine is superior to 3,4-diaminopyridine in the
treatment of patients with multiple sclerosis.

<30>
Authors-..---.
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Smilx RC. Emmen HH. Bertelsmann
Loenen AC. Polman CH.

Title

@

The effects of 4-aminopyridine on
patients with multiple sclerosis:

Source

FW . Kulig BM. van

cognitive function in
a pilot study.

Neurology. 44(9):1701-5, 1994 Sep.
Abstract
4-Aminopyridine (4-AP) has a favorable effect on the
disability of certain patients with MS. We investigated the
effect of 4-AP on neuropsychological performance in 20 MS
patients using a randomized, double-blind,
placebo-controlled, crossover design. Although there was a
trend for improved performance with 4-AP for two of the
tests, we could not demonstrate significant effects of 4-AP
on cognitive function.

<32>

Authors
Bever CT Jr.

Title
The current status of studies of aminopyridines
with multiple sclerosis. [Review] [29 refs]

Source
Annals of Neurology. 36 SuPpl:Sl18-21, 1994.

Abstract
Because the symptomatic treatments for multiple

in patients

sclerosis
(MS) are limited, new approaches have been sought.
Anatomical studies of MS lesions show a relative
preservation of axons, and clinical studies suggest that
some of the neurological impairment in patients with MS is
physiological. Electrophysiological studies suggest that
demyelination exposes axonal potassium channels that
decrease action-potential duration and amplitude, hindering
action-potential propagation. Potassium channel blockers,
including aminopyridines, have been shown to improve nerve
conduction in experimentally demyelinated nerves. Two
potassium channel blockers, 4-aminopyridine (AP) and 3,4
diaminopyridine (DAP) have been tested in patients with MS.
Preliminary studies of AP demonstrated benefit in many
temperature-sensitive patients with MS, and improvement of
function was found in a large randomized double-blind,
placebo-controlled crossover trial of 3 months of oral
treatment in 68 patients with MS. An open-label trial of
DAP showed improvement ~n some deficits, and a double-blind
placebo-controlled trial showed significant improvements in
prospectively defined neurological deficits. A crossover
comparison of the two agents suggested that AP produces

.-
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more central nervous system side effects (dizziness and
confusion) , whereas DAP produces more peripheral side
effects (paresthesias and abdominal pain). Both agents have
rarely caused seizures. These studies suggest that
aminopyridines may provide a new approach to the
symptomatic treatment of MS. [References: 29]

<33>
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Title
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The effects of 4-aminopyridine in multiple sclerosis
patients: results of a randomized, placebo-controlled,
double-blind, concentration-controlled, crossover trial..

) Source

1/

Neurology. 44(6):1054-9, 1994 Jun.
- Abstract

@ Because 4-aminopyridine (Al?)~ovas residual deficits
some multiple solezcwhs (MS) patients but has a narrow
toxic-to-therapeutic margin, we compared the safety and

.#’”-. efficacy of two target peak serum concentration ranges
(low: 30 to 59 ng\ml and high: 60 to 100 ng\ml). We
enrolled eight MS patients with temperature-sensitive
visual and motor defi.ci.tsin a randomized,
placebo-control led, double-blind, crossover trial of
short-term oral AP treatment. We randomized patients to
sequence of three treatments on three separate days:
placebo, low serum concentration, and high serum

in

a

concentration. We determined dosing to achieve the desired
steady-state peak serum concentration ranges from a test
dose and population pharmacokinetic parameters using
bayesian estimation. Contrast sensitivity, standard
necrologic examination, ratings of videotaped necrologic
examinations, and quantitative strength assessment all
improved with treatment, but flicker fusion frequency,
visual evoked response latencies, and Expanded Disability
Status Scale scores did not. All patients experienced side
effects during the high-serum-concentration arm. A grand
mal seizure occurred at a serum AP level of 104 rig/ml, and
an acute confusional episode occurred at 114 rig/ml.AP
treatment produced improvements in residual deficits in MS
patients, but the occurrence of significant toxicity
suggests that AP serum levels should be monitored and peak
levels above 100 rig/mlshould be avoided.
Concentration-control methodology may be useful in testing

.-. putative treatments for other necrologic diseases.
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Title
4-aminopyridine in the treatment of patients with multiple
sclerosis. Long-term efficacy and safety.

Source
Archives of Neurology. 51(3):292-6, 1994 Mar.

Abstract
OBJECTIVE: To study the long-term efficacy and safety of
4-aminopyridine in patients with multiple sclerosis.
DESIGN: Case series, follow-up varying from 6 to 32 months.
SETTING: University referral center. PATIENTS: Thirty-one
patients with definite MS, 23 of them being exposed to
long-term administration (6 to 32 months) of
4-aminopyridine, since they showed a favorable initial
response to the drug. INTERVENTIONS: Long-term oral
treatment with 4-aminopyridine in da~ly doses of up to 0.5
mg/kg of body weight. MAIN OUTCOME MEASURES: Necrologic
functions and symptoms as reported by the patients; side
effects. RESULTS: Twenty of 23 patients who showed a
favorable initial response benefited from long-term
administration. Ambulation and fatigue (each in 13
patients) and visual furrctim (in tixma’patlmt~ were most
frequently reported to be improved. Three major side
effects did occur during a follow-up of 406 patient months:
a generalized epileptic seizure in two patients and
hepatitis in one. CONCLUSIONS: Although a substantial
proportion of patients with multiple sclerosis seem to
benefit from long-term administration of 4-aminopyridine,
additional
the drug.

<40>
Authors
van Diemen

studies are needed to clarify the exact value”of

HA. Polman CH. van Donqen MM. Nauta JJ.
Strijers RL. van Loenen AC. Berte~smann FW. Koetsier JC.

Title
4-Aminopyridine induces functional improvement in multiple
sclerosis patients: a neurophysiological study.

Source >
Journal of the Neurological Sciences.

G
116(2’ :~0- , 1993

Jun.
Abstract
This study reports on the neurophysiological measurements
that were performed in the context of a randomized,
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double-blind, placebo-controlled, cross-over study with
intravenously administered 4-aminopyridine (4-AP) in 70
patients with definite multiple sclerosis (MS). A
beneficial effect of 4-AP was found for both visual evoked
response and eye movement registration parameters. This
study extends the experimental data obtained on animal
nerve fibers, showing that 4-AP can improve impulse
conduction in demyelinated nerve, to clinical data which
indicate that 4-AP induces an &jective improvement in the
central nervous sys~ function in 14S-patients. It thereby
also provides a theoretical basis for clinical efficacy of
4-AP in MS.

<42>
Authors
Hansebout RR. Blight AR. Fawcett S. Reddy K.

Title
4-Ami.nopyridine in chronic spinal cord injury: a
controlled, double-blind, crossover study in eight patients
[see comments].

Source
Journal of Neurolxauma. 10(1):1-18, 1993 Spring.

Abstract
The potassium channel blocking drug 4-aminopyri.dine (4-AP)
was administered to eight patients with chronic spinal cord
injury, in a therapeutic trial based on the ability of the
drug to restore conduction of impulses in demyelinated
nerve fibers. The study was performed using a randomized,
double-blind, crossover design, so that each patient
received the drug and a vehicle placebo on different
occasions, separated by 2 weeks. Drug and placebo were
delivered by infusion over 2 h. An escalating total dose
from 18.0 to 33.5 mg was used over the course of the study.
Subjects were evaluated neurologically before and after the
infusion. Two subjects returned for a second trial after 4
months and were examined daily for 3 to 4 days following
drug infusion. Side effects were consistent with previous
reports. Administration of the drug was associated with
significant temporary necrologic improvement in five of six
patients with incomplete spinal cord injury. No effect was
detected in two cases of complete paraplegia and one of two
severe incomplete cases (Frankel class B). Improvements i.n
necrologic status following drug administration included
increas~ motor control and sensory ability below the
@jury, and reduction in chronic pain and spasticity. The
effects persisted up to 48 h after infusion of the drug,
and patients largely returned to preinfusion status by 3
days . Compared with the more rapid elimination of the drug,
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these prolonged necrologic effects appear to involve a
secondary response and are probably not a direct expression
of potassium channel blockade.

<43>
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Title

P

Preclinical trial of 4-aminopyridine in patients with
chronic spinal cord injury.

Source
Paraplegia. 31(4):216-24, 1993 Apr.

Abstract
4-Aminopyridine [4-AP) is a K+ channel blocking agent that
enhances nerve conduction through areas of demyelination by
prolonging the duration of the action potential and
increasing the safety factor for conduction. We have
investigated the effects of 4-AP (24 mg total
dose-intravenous) in 6 patients with spinal cord injury (3
complete, 3 incomplete) with the intent of overcoming
central conduction block, or slowing, due to demyelination.
Vital signs remained stable and only mild side effects were
noted. The 3 patients with incomplete injuries all-.-——. demonstrated enhanced volitional EMG interference patterns
and one patient exhibited restored toe movements. The
changes were reversed on drug washout. There were no
changes in segmental reflex activities. These results are
consistent with those obtained from 4-AP trials with animal
models of spinal cord injury, showing modest therapeutic
benefit attributable to enhanced central conduction.

<44>
Authors
van Diemen HA. van Dongen MM. Dammers JW. Polman CH.

Title
Increased visual impairment after exercise (Uhthofffs
phenomenon) in multiple sclerosis: therapeutic
possibilities.

Source
European Neurology. 32(4):231-4, 1992.

Abstract
The Uhthoff symptom, a transient impairment of visual
function after exercise, is demonstrated in 2 multiple
sclerosis patients. Following exercise, impairment of
visual function, as documented most clearly by the testing
of contrast sensitivity, was less obvious after body

..=
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.- surface cooli,ngand after treatment with orally

administered 4-aminopyridine. It is hypothesized that both
treatment modalities improve the nerve conduction safety
factor and thereby prevent the occurrence of a conduction
block, which is believed to be the mechanism underlying the
Uhthoff symptom.

{
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The effect of 4-aminopyridine on clinical signs in multiple
sclerosis: a randomized, placebo-controlled, double-blind,

-cross-over study.
Source
Annals of Neurology. 32(2):123-30, 1992 Aug.

Abstract
To find out whether treatment with 4-aminopyridi.ne is
beneficial in multiple sclerosis (MS), 70 patients with
definite MS entered into a randomized, double-blind,
placebo-controlled, cross-over trial in which they were
treated with 4-aminopyridine and placebo for 12 weeks each
(maximum dose, 0.5 mg/kg of body weight). The estimated.-%
effect of the treatment as measured with the Kurtzke
expanded disability status scale, which was the main
evaluation parameter, was 0.28 point (p = 0.001). A
significant decrease in the scale score (1.0 point or more)
was encountered in 10 patients (16.4%) during oral
treatment with 4-aminopyri.dine whereas it was not seen
during placebo treatment (p less than 0.05). A significant
subjective improvement (defined as an improvement that
significantly affected the activities of normal daily life)
was indicated by 18 patients (29.5%) during 4-aminopyridine
treatment and by 1 patient (1.6%) during placebo treatment
(p less than 0.05). Significant improvements related to
4-aminopyridine occurred in a number of neurophysiological
parameters. No serious side effects were encountered.
However, subjective side effects such as paresthesia,
dizziness, and light-headedness were frequently reported
during 4-aminopyri.dine treatment. Analysis of subgroups
revealed that there was no difference in efficacy between
those patients randomized to receive 4-aminopyri.dine and
then placebo and these randomize~ to receive placebo and
then 4-aminopyridine or between patients with and those
without subjective side effects. Especially patients with
temperature-sensitive symptoms and patients characterized
by having a longer duration of the disease and being in a
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progressive phase of the disease were likely to show clear
clinical benefit.

<48>

Authors
Nockels R. Young W.

Title
Pharmacologic strategies in the treatment of experimental
spinal cord injury. [Review] [127 refs]

Source
Journal of Neurotrauma. 9 Suppl 1:S211-7, 1992 Mar.

Abstract
Remarkable advances have been made in pharmacologic
treatments of acute and chronic spinal cord injury. The
recent National Acute Spinal Cord Injury Study (NASCIS)
showed that very high dose methylprednisolone given within
8 hr after injury improves necrologic recovery. The
mechanism is believed to be inhibition of lipid
peroxidation. Many other drugs have been claimed to be
beneficial in animal studies, including other lipid
peroxidation inhibitors, free radical scavengers, opiate
receptor blockers, NMDA receptor blockers, calcium channel
blockers, inhibitors of arachidonic acid metabolism, and
protease inhi.bi.tors.In chronic spinal cord injury, much
progress also has been made. Myelin was found to possess
factors that inhibit axonal regeneration. Blocking these
factors enhances spinal cord regeneration. Monosialic
gangliosides (GM1) were recently found to improve
necrologic recovery in spinal-cord-injured patients. Given
as late as 48-72 hr after injury, the mechanism of action
is not well understood. However, the GM1 results give hope
that recovery mechanisms can be manipulated
pharmacologically. Nonregenerative therapy for chronic
spinal cord injury is also being developed. Several drugs,
including 4-aminopyridine and baclofen, respectively
blockers of potassium channels and GABA-B receptors,
improve conduction in demyelinated axons. These drugs may
be useful for identifying patients who might benefit from
remyelination therapy. Finally, NASCIS has complicated
acute spinal cord injury studies. To bring a drug to
clinical trial, an investigator must now determine the
optimal treatment dose, timing, and duration over a range
of injury severities, in comparison and combination with
methylprednisolone. This requirement has so increased the
scale of drug testing that multicenter laboratory trials
may be necessary. [References: 127]
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Title
4-Aminopyridine in multiple sclerosis: prolonged
administration.

Source
Neurology. 41(9):1344-8, 1991 Sep.

k

Abstract
In an earlier study, we demonstrated efficacy of single
oral doses of 4-aminopyridine (4-AP) in improving motor and
visual signs in multiple sclerosis (MS) patients for a mean
of 4.97 hours. We attempted to determine whether effi,cacy
could safely be prolonged using multiple daily doses over
several days by administering 7.5 to 52.5 mg 4-AP to 17
temperature-sensitive MS patients in one to three daily
doses at 3- to 4-hour intervals over 1 to 5 days i.na
double-blind study. Nine of these patients were also tested
with identically appearing placebo. Thirteen of the 17
patients (76%) given 4-AP showed clinically important motor
and visual improvements compared with three of nine in the
placebo group. Average peak improvement scores were 0.40

#=+._- for 4-AP and 0.12 for placebo. Seventy percent of the daily
4-AP improvements lasted 7 to 10 hours. Th@,~improvements
for two consecutive doses of *AP lasted a mean of 7.(Y’F
hours (83% of the average 8.53-hcwr tr~tqpnt-observation
period) compared with 2.36 hours for @a~,,,(215%of~
average k~ur treatment-observation period). No serious

side effects occurred. 4-AP is a promising dmg for the
symptomatic treatment of MS.
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The effects of 4-aminopyridine on neurological deficits in
chronic cases of traumatic spinal cord injury in dogs: a
phase I clinical trial.

Source
Journal of Neurotrauma. 8(2):103-19, 1991 Summer.

Abstract
A Phase I trial of 4-aminopyridine (4-AP) was carried out
in 39 dogs referred to the veterinary teaching hospital
with naturally occurring traumatic paraplegia or
paraparesis. The rationale for the study was provided by
the observation that 4-AP restores conduction in

.~. demyelinated nerve fibers in experimental spinal cord

- .. — .. .. .
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injury. Most injuries (77%) resulted from degenerative disk
disease, occurring at or near the thoracolumbar junction,
and producing chronic, complete paraplegia. Neurological
examination of each dog was recorded on videotape before
and at intervals after administration of 4-AP. The drug was
administered systemically in total doses between 0.5 and 1
mg/kg body weight. Three areas of neurological status
changed significantly at 15-45 minutes following
administration of 4-AP: (a) striking improvements in
hindlimb placing occurred in 18 animals; (b) increased
awareness of painful stimuli to the hindlimb in 10 animals;
(c) partial recovery of the cutaneus trunci muscle reflex
of the back skin in 9 animals. These effects reversed
within a few hours of administration. Other animals (36%)
showed no change in neurological signs except a slight
enhancement of hindlimb reflex tone. Significant side
effects were seen in 6 dogs receiving higher intravenous
doses, with elevation of body temperature and apparent
anxiety, leading to mild seizures in 3 of the animals.
These seizures were controlled with diazepam. The results
indicate that conduction block may contribute significantly
to functional deficits in closed-cord injuries and that
potassium channel blockade may prove to be a valid, if
limited approach to therapeutic intervention in chronic
paraplegia and paraparesis.

<!52>

Authors
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Title
Potassium channel blockers: could they work in Alzheimer
disease?. [Review] [38 refs]

Source
Alzheimer Disease & Associated Disorders. 5(1):25-30, 1991
Spring.

Abstract
!+!anyof the actions of potassium channel blockers, such as
4-ami.nopyridine, appear to complement the deficits in
A&zhei.mer disease. The two clinical studies in the
literature are contradictory, so potassium channel blockers
may still merit trial in Alzheimer disease. [References:
38]
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Orally administered 4-aminopyridine improves clinical signs

k

in multiple sclerosis [see comments].

)

Source
# Annals of Neurology. 27(2):186-92, 1990 Feb.

Abstract

Y

& 4-Aminopyridine (4-AP), a potassium channel blockar,
reSWJYWS conduction in blocked, demyelinated animal nerve.

?
Its administration to multiple sclerosis (PBJ patients
produces transient neurological improve~. vision
improves after either oral or intravenous administration,
whereas motor function improvement has been reported only
uith the latter. To assess further its potential as a
practical symptomatic treatment, we studied the efficacy of
single, oral doses of 4-AP on both visual and motor signs
in MS. Twenty temperature-sensitive male MS patients were
given either 10 to 25 mg of 4-AP or identically appearing
lactose placebo capsules. Static quantitative perimetry,
critical flicker-fusion, visual acuity, visual evoked
potentials, and videotaped neurological examinations were
monitored. All of 15 MS patients given 4-AP mildly to
markedly improved. Motor functions (power, coordination,
gait) improved in 9 of 13 involved, vision in 11 of 13, and
oculomotor functions in 1 of 2. Improvements developed

-~. gradually at doses as low as 10 mg, usually beginning
within 60 minutes after drug administration, and reversed
gradually over 4 to 7 hours. No serious adverse effects
occurred. No significant changes were obskrved. in 5“HS
patients gi~rr placebo. Me conclude that orally
administered 4-AP produces cli.ni.tallyimportant
imqxrovements in multiple, chronic deficits in MS. Further
studies are warranted to assess efficacy and safety of
prolonged administration.

n.,
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4-aminopyridine (4-AP), a blocker of potassium channels, prolongs the duration of nerve action
potentials, and improves conduction in demyelinated axons,

American and European studies over the last 6 years have confkmed its efhcacy in the symptomatic
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~ CLINICAL RESEARCH ARTICLES

&<k 4-Aminopyr idine Improves Pulmonary Function

---_r—

in Quadriplegic Humans with Longstanding
Spinal Cord Injury

Jack L. Segal, M.D., FACP, FCFl and Sherry R. Brunnemann, B.S.

Study Objective. To mst the hypothesis that +aminopy-idine (4-AP) might
cause clinically evident improvement in pulmonary function in humans
with chronic spinal cord injury (chronic SC1).

Design. Balanced, open-label study vti[h subjects consecutively enrolled.

Setting. Spinal Cord Injury Service, university-affiliated tertiary level care
Department of Veterans Affairs Medical Center,

Patients. Seventeen healthy men and women suffering from traumatic SCI

(11 quxh-ipleglc. 6 paraplegic patients) for more than 1 year.
Interventions. Each subject was given a single dose of 4-AP 10 rng orally in

an immediate-release formulation.
Measurements and Main Results. Significant increases in mean values of

forced expirato~ volume in 1 second (FEV1), forced vital capacity (FVC),

maximal inspiratory pressure (MIP). and maximal expiatory pressure

(MEP) that persisted for at least 12 hours were demonstrated in

quadriplegic patients beginning 6 hours after +-.+P administration. Tests of
pulmonary function that demonstrated statistically significant increases at
any time were also numerically, if not statistically, increased at 24 hours

compared with pretreatment values obtained in 4-AP-naive subjects.
Conclusions. The administration of a single dose of an immediate-release

formulation of +AP to humans with longstanding-, traumatic quadriplegic

is associated with sustained, clinically meani-ngful, and s;atist;ca~ly—. ——.- -——..- .. —.—.—----
- significant imp”~mqilmonary function. We suggest that the

. .——-- —— ...-..—..--_ .__... ___. . ...
‘a-3ii7ii3tratlon ol%AP may have a salutary effect in patients suffering from

SCI and appears to be associated wlQxunLidl~ clinically significant_.——
-reductions in the pathophysiolo~c pulmonary sequeiae of SCI. ‘“—”-

(Pharmacotherapy lw;I~~~~~q-2~~-–-----–----~_+
.—
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Impaired pulmonary function is a
pa[hophysiologic sequela of cervical spinal cord
injur Scl). Spirometry and static lung volumes
and capacities are altered at the time of injury.’
Diminished respiratory muscle strength causes
decreases m maximal expiatory pressure (MEP;l
and maximal lnspiratory pressure (MIP) and
contributes to the morbidity and mortall[; of
both [he acu~e and chronic phase of inju~.’-j .~
restr}c[~~:e de(ec: in pulrnonam function caused
b: parsij-sls 0[ ih~ muscles of respira L~on
predorr.:nates ciuinng the period of spinal shock
and pe~sls[s throughout the Ii fetlme of [he
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Table1, PatientCharacteristics

Gender

inJu~ Age Height W’eighL
InjuryLevel’ Duranon (yrs) 07S) (cm) (kg}

M C.W incomplete 8 46 172.7 696
M Cj incomplete 26 45 190.5 100.0
M C~ incomplete 9 38 175.3 69.1
F CM incomplete 13 29 157.5 +7.7
M C? mcompiete 18 60 1816 65.9
?4 CM mcompiete 33 180.3 81,8
.V C&~ recomplete ; 28 177.8 70.5
M C+; mcomple[e 10

.-
180.3

F
78.6

C4_Jcomplete 14 ;; 163.8 54.6
.V C= complete 26 44 175.3
M

90.9
C= complete 3 26 185.4 8+.1

Mean * SD 1+*9 ‘W*12 176.+ t 9.3 73.9 * 15.3

>f TI.-L1 incomplete 39 61 182.9
M

104.6
Ll+ incomplete 4 53 172.7

F
80.9

T~$ incomplete 14 41 160.0

M
52.3

Ta mcomp]ete 9 59 182.9 90.0
M T&g incomplete 8 36 170.2
M

79,6
TM complete 6 42 179.2 55.9

Mean t SD 13= 13 *9* lC’ 173.t:8- 77,2 * 20.0
‘.\mencan Splml lnJu~ .A.wocuuodtn[emat] onal Medical soc]em of Paraplegia cmcna ‘

survivor of a cervical SC1. Recently, obstructive
pulmonary disease of potential clinical
significance associated with hyperreactive small
airways has been described in cervical SCI.4 5
When respiratory failure supervenes, acute and
chronic dependence on mechanical ventila[o~
assistance or phrenic pacing can become,
arguably, the most debilitating and resource-
consuming therapeutic interventions. b The
restrictive component of pulmonary disease
caused by a paralyzed diaphragm or respiratory
muscle weakness impairs the clearance of
bronchiaI secretions and predisposes victims of
SCI to recurrent bronchopulmonary infections,
life-threatening sepsis, and respiratory failure.’

Following SCI, many of the nerve axons that
traverse the anatomical site of injury are
preserved, but become demyelinated and
nonfunctional.8 Thus, a clinically significant,
potentially reversible conduction block causing
paralysis of the muscles of respiration can occur
as a result of injury

4- Aminopyridlne (4-AP) is a potassium
channel blocker capable of enhancing the
propagation of acnon potennals in demyelinated
neurons. IL has been shown to facilitate [he
conduction of impulses within the damaged
sp~nal cord of humans and animal s,a-i] Th:s
capability has been associated w-lth modes[
improvements [n elec[rophysiologlc variables and
clinically ei-tdent Improvement m neuroiogic and

. ..... ——.——- —–——

sensorimotor function. g ‘1 ‘+ Because of the
unique, potentially beneficial pharmacologic
properties exhibited by 4-.+R’5 we initiated this
study to test the hypothesis that+-APmight
causesimilar,salutaryeffectsdemonstrableasan
improvementin pulmona~ function in humans
with chronic SC1.

Patient Selection and Methods

Fourteen healthy men and three healthy
women suffering from traumatic SC1 for more
than 1 year’s duration (chronic SCI) volunteered
for this study and were consecutively enrolled.
They consisted of 11 quadriplegic patients (age
and injury durauon, 40 t 12 years, and 1+ * 9
years, respectively) and 6 paraplegic patients (age
and injury duration, 49 t 10 years, and 13 * 13
years, respectively) (Table 1). One paraplegic
and three quadriplegic patien~s u-ere
neurologically complete (.American Spinal [n]ury
Association/international Medical Society of
Paraplegia criteria). lb Absolute contraindications
to participation in thu studv included a histo~
of seizures or epilepsy, or of an abnormal
electroencephalogram. recreatlona[ drug use,
including ethanoi: treatment With bronchodlbmrs,
or antlcholineryc (atroplnlc, or antihlstam~n]c
dntgs. or pregnanm. or inxlequa[e or unverifiable
contracepuve measures P2[]ent5 resumed the[r
usual sleep-wake cvcle. level oi func[~on. ea[lng
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patterns, and daily acti~-ities no[ sooner than 3
hours after ingesting a single dose of the 5[ud~

‘--’drug. All studies were initiated following an
overnight fas~ and at the same time of day [o
minimize the influence of diet and circadian
variabilit;-. respectively. Institutional review
board approva: and the written informed consent

of each participant were obtained.

/- .4fter pretre3:ment pulmona~ function tes[s

1/were performed. each subiect @,Ps[ ed 10 mg of

k

. crystalline +-.4P (lot t#P96-23J3: Regis Chemical
C~n Grove, IL” ~ncapsulated~~h

<lactose in an immediate-release formulation.

J
Pr~reatment an-d ‘follow-up pulmona~ function
tests were consecutively acquired and
standardized spirometric measurements
(Vitalograph Spirometer Model S; Vitalograph
Medical Instrumentation, Lenexa, KS); MEPs and
MIPs were seriall)- measured according to the
method of Black and Hyat~.: \feasurements of

<

1
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forced expirato~ volume in 1 second (FEVl),
forced vital capacity (FVC), FEV1:FVC ratio,
MEP, and MIP were obtained in triplicate and
followed for 24 hours using a sampling-rich
stratefl.

Statistical .+nalyses

The norrnahw of the underl)-ing distributions
was tested using D“.4gostino’s robust D test, and
tests of the significance of the differences
between the means of continuous variables were
earned out using repeated measures (randomized
block) analysis of variance (ANOVA) or an
appropriate nonparametnc analysis based on the
Xl test. The strength of association between
injuq- level and pulmonary function tests was
assessed using tw-o-variable linear regression
malys~, A probabiIi~ (p value) below 0.05 was
~equired to assign statistical significance to the

—--— -..
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Table 2. Spiromet~, MEP, and MH+ A Comparison of Predic[ed, Pretreatment, and Maximum Values in 17 Patients with

Predicted Pretreawnen[ MammumC Predicted Pretreatment MaximumC Pretreatment
kt]u~ Level/Gender FEV,’ (L) FEV, (L) FEV~(L) twcb (L) WC (L) FVC (L) MEP (cm H@)

Qj mcompiewNl 3.65 2.06 2.85 +.56 2.53 3.20 +8 00 –
C3incompie[fi 4.48 2.79 3.95 5.59 4.45 5.30 40.67
CZmcomplet~ 3.99 1.+5 2.05 4,91 2.27 2.63 21 00
C~ mcomple[fi 2.86 1.82 208 3.41 194 2.16 36.33
C; mcomplew./?4 3,55 2.98 316 4.55 2.89 3+9 89.0(7

C~ mcomple[fl +.36 299 3 ~~ 532 3.60 4.13 ~~,’j;

~j mcomple[fi 4.36 2.8 3.36 5,~i 2.67 3.50 +6 67

~- urcompleteYW4 3.61 3.74 3.86 4.60 4.50 4.64

~~ complewYF
104.50

2.99 078 0.99 3.60 1.19 1.35 20.33
C~ completW 3.82 1.19 1.46 4.76 1.61 1.91 4307
CM compieWNt +.79 1.36 1.51 5.77 1.08 1.26 10800

TI:-LI mcompletfl 3.56 2.29 2.42 4.57 2.88 3.03 55.33
LW mcompleteht 3.44 2.73 2.77 4.35 2.94 3.14 76.00
T>j mcompletti 2.69 2.27 2.51 330 2.80 2.96 60.33
T8 mcomp[eWM 3.64 3.02 3.03 4.65 3.50 3.66 90.33
Tw lncomplettYNi 3.81 3.07 3.44 4.68 369 3.70 7500
T+ complet~ 366 2.57 2.69 4.54 3,~(3 3.43 88.00
‘Males ml = HtJ(l 541 - +.06 x 10] age 6.14 x 10”’ age:), females Ft3’1 = HtJ(i.322 -4.06 x 10”’ age -6 1+ x 10”’ ageJ). American
Thotac]c *lCt~ ‘“
b%iales R-C = Ht*(l 75 - 1 35 x 10A age - 1.01 x l& ageJJ. females tWC = HI~(l.463 - 1.35 x 10- age - 1.01x 10’age? \merrran Thoraclc
Soaen -
@ 05. preueatmem .s ma.mmum

difference between means or medians. Mean data
are e.~ressed as the mean * 1 standard deviation
unless o~erwise indicated. Clinically meaningful
changes in pulmonary function tests, as
distinguished from numerical or s~atistically
significant increases, were defined using the
conventions adopted by the American Thoracic
Society (AT.S).1; Standard nonlinear equations
were used to predict FEV1 and FVC as a function
of chronologic age, height, and gender.17

Results

Statistically significant increases in mean FEV1
and FVC were demonstrated in all 11
quadriplegic patients beginning 6 hours after the
administration of a single 10-mg dose of an
immediate-release formulation of 4-AP Each of
the statistically significant increases in
spirometry also met the published ATS
percentage criteria for defining clinical utility or a
clinically meaningful pharmacologic response
(Table 2). lncrews in FEV 1 and FVC (Figure 1)
meeung .4TS criteria persisted for 12 hours after
dose administra[lon, The FEV1 :FV’C ra[io did
no[ change appreciably from pretreatment In
patients with quadrlplegia. In cun[rast LO
premncmenL values. mean ME? and MIP reached
a maximum at 10 and S hours. respec[lveiv.
following -+-.\P administration. These increases

in respiratory pressures were statistically
significance. Mean MEP went from a 10% increase
at 4 hours into the study to a maximum of 22%
(p= O.03) in all quadriplegic patients; it then
declined to 14% at 12 hours and continued to
demonstrate an 11% increase over pretreatment
levels at 24 hours (Figure 2). Mean MIP m all
quadriplegic patients went from a 13°Aincrease
in negative pressure at 6 hours to a maximum
increase of 20% (p= O.06) at 8 hours and
remained elevated to 13% over the pretreatment
value at 12 hours into the study. Spiro metry
ME~ and MIP in the eight quadriplegic patients
with incomplete injury demonstrated a similar
time course, but were larger numerically prior to
treatment with 4-AP and at each time of
measurement thereafter (Figure 2).

Statistically significant associations between
changes in spirometry, MEP, MIP. and [he
independent variable injury level were
demonstrated in patients with SC1 prior [o and
foilowing 4-..4P administration. Signlficanc
associations with correlation coefficients (r
values) greater than 0.82 (p< O.@?) were
demonstrated followlng treatmen[ with +-.4P
when percentage increase In MEP and change m
FEY] as a per~enlage of FEl”: predlctec! ‘were
regressed agalnjt the cord level of ln]ur~- In

quadriplegic pa[lents ~i[h Incompie[e ;nJur.,”
“F~gure 3 In ch]s same group of pa[lents. ‘r
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Table2. (continued)

-._.—-- -.
\taxlmumc Pretreatment Ma.wrnum’

MEP (cm H,O) MIP t-cmH>O) MIP t-cm H~O)
98.00
99.00
56.33
+5.00
S1.oo
+1.33
8367
107.00
25.00
68.00
101.33

79.00
73,33
70,33
119.67
98,00
10500

6567
5253
3:33
6C 17
6; 40
6267
6533
8600
+Q,b?
62.33
6200

3567
+2 67

6500
7893
52.67
61.33

65.00
10700

63 6;
fi~ 6;

:+ 00
$J~,~(J

S3.67
100.67
55.00
92.50
56.67

3+.67
69.33
80.67
101.50
6567
W.33

values greater than 0.72werecalculatedfor the
association between inju~ level and FE\’l or the
percentage change in measured FE\-l. Among all
quadriplegic patien[s, significant associations
with r values greater than or equal [o 0.71 were

---~ bserved between percentage increase in MEP or
~ercentage increase in FEV1 and the level of the
cervical cord injury. The linear regression
equation relating time elapsed from pretreatment
measurement of FEV1 to the highest value
attained yielded a correlation coefficient of 0.78
(p<O.001) in all 17 subjects with SCI (Figure 3).

NO statistically significant changes over
pretreatment spirometry, MEP, or MIP were
observed among paraplegic patien~ followed for
2+ hours after ingesting 4-AP. Moreover,
pretreatment pulmonary function testing could
not distinguish paraplegic from quadriplegic
subjects, statistically, although numerical
differences suggestive of trends were noted
(Table 2). Pretreatment spiromet~ (FVC, FEV1)
in paraplegic or quadriplegic subjects was
significantly lower than values predicted from
standard equations derived In healthy, able-
bodied (intact neuraxis) volunteers The
paraplegic patients. nevertheless. could be used
as an internal control population in whom the
consisten[ lack of response and an overall flat
response curve to A-.AB support [he absence of
any change in pulmona~ function attnbu[abie to

..---I “Ieamlng effec[ “’ .A.1]p~[len~ wI:r, cenlcal 5CI

\ quadnplegia’ were readdy dls[~n~~hable [rot-t-t
pauen[s w~[h thoracoiumbar lnjur: ‘parapieya~
when utne (hours ~ to at[aln maxlrnurn values of

FE\’l, F1’C, MEP and MIP was compared I.mwccn
groups (p< O.05). In contrast to quadriplegic
patients significant linear correlations between
injury level and ME~ MIP, or spirometry were not
observed in patients with paraplegia.

Discussion

The results of this study clearly support, the
conclusion that 4-.4P appears to improve
pulmonary function in patients with quadriplegic.
Subsequent to the administration of 4-AP,

A

m.

4 *

I

-A——
~ i
(* .41_. ._

m I
0s 0

0 s !0 15 m s
--

B

Q. ,a

I
,

l’%Y’’”-

Figure 2. (PanelA) The time-course profdes of the mean
percentage change m maximal expira[ory pressure (MEP)
followngthe administrationof +-.AP[o all quadriple~lc
panertts(~) orquadnplegrcpatientsw[h urcomplete m]ury
(A) aresuperimposed on the same axes. Patients with
mcompie[e rnjury demonstrated a greater response LO %AP
a[ each tune point. Differences berween cuwe maxima at 10
hours were statisucally sigmficant as were the differences
between the maximum value and pretreatment value O(
MEP. (Panel B) Mean percentage change wlch nme In

maximal Insplra[orv pressure (MIP) compared with the
pretreatment value IS contrasted be~ween all quadnpleg]c
patients 9) and ~ncomplete (A) cerwcal cord Injury
W.umum ]ncrea.ses m neganve pressure and the magnitude
of [he changes 10 MIP. In general. were less than those
ooscrvea :C ME? A S[atls[lcllly slgnlflcan[ p<~ C5
chfferer.ce ‘beween VIP prerrea[men[ And 3[ ire ume w nen
[he max:mum chsnge In \fIP occurred 18 hrj Ua?
dernonsm~eci m pa[lents Wl[h mcompiete quadnplegra

i

I

i

I
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statistically significant. clinicall}- meaningful
responses’: occurred in pa[ien[s with
longstanding centical SCI. For the flrs[ time, [o
our knowledge, a mechanism-based pharmacologic
intervention has demonstrated efficacy in
enhancing respiratory muscle function and
improi~ng ventilato~ mechanics in spinal man.

Spinal cord injury is a devastating clinical
condition that profoundly affects numerous
organ systems and results in a lifelong
impairment of homeostasis.’&20 Tradi[lonally,
many of the pharmacologic interventions used in
treating the medical and physiologic
consequences of SC1 have been directed toward
diminishing spasticity and pain, or treating sepsis
and the complications of prolonged immobility

(e. g.. pres.sum ulcers ).” The mechanisms
mediating these pathoph~siologic sequelae of SC1

Volume 17 Sumber 3.199-

are often unknown or not directly amenable to
treatmen[. and drug [herapy often is directed
only toward modifying the disabling or
debilitating consequences of injury in a relatively
nonspecific fashion. Hence, disabling, high-
profile, easily demonstrated and measured
comorbidities or complications such as impaired
voluntary motor function tparesis). pain. and
spasticity have been accorded priori t>” status in
~he hierarchy of postinjury residuals to be
targeted for therapeutic intewention. Ho\vever,
the consequences of a demodulated or failed
autonomic nervous system subsequent to SC118
~~z+may underlie or mediate any or all of these
impairments and comorbidities.

The myriad manifestations of autonomic
failure are often not well recognized or
adequately addressed. \tany are often subclinical

A All SCI

r=06ua
p = O,ca

B Incomplete Quadriplegic

200
a
w
~ 150 8
g

lm

w r=0,EZ44
p =0.012

0 1

Injury Level
C-=9 CuwKah ‘

lnju~ Level

c Incomplete Quadriplegic D AllSCJ

r=

p ● 0.006

A

‘> :’41 */d .“
,4J8S% 1 A r. 0.7825

04 1 o+.
p=oum

CeMcal, Cuwa4, Lumbar. ceMC&
Injury Level Injury Level

1- 1
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and frequently devoid of easily demonstrable or
weI1-recognized physical signs or symptoms,

.- overt pathophysiologic changes, or
socioeconomic consequences. They are thus less
tiible to clinicians and patients alike. Although
the pa[hophysiologic sequelae of autonomic
failure are reflected in altered cardiopulmonary
function,zs hemod}-namic instability (au[onomlc
dysreflexia),~’ dysregulation of involunta~ motor
function (e.g.. altered gastrointestinal motili~~~),
impaired respiratory function, z ‘ 5 and cardiac
dysrhythmia,zb being “less evident” clinically,
these changes in physiology often go
unrecognized or are treated as though of
negligible importance. They are, arguably, of no
less significance, and in most instances are more
likely to contribute to disrupting homeostasis
and increasing morbidity and mormli~ than the
clinically more evident consequences of SCI such
as pain. spasticiy. and impaired mobili~.

Measurements of FEV1, FVC, FEf-l:~C, MIP.
and MEP can be used to identify and distinguish
respiratory muscle paralysis from obstructive
components of pulmonary disease.3 Changes in
spirome[ry and respiratory muscle function
previously have been demonstrated in patients
with SCI as have correlations between spirometq-

=-or static lung volumes and injury level. 1 4‘ 27The
results of this study confirm these findings and
support the conclusion that4-AP is an effective
drug treatment that improves pulmonary
function subsequent to SCL

We believe that our findings of increases in
spirometry and enhanced respiratory muscle
function in patients with quadriplegic are
atrnbutable to the pharmacologic actions of 4-Af?
The results of this study are consistent with our
understanding of the putative mode of action of
4--+P in facilitating central nervous system
conduction in preserved, demyelinated axons
and in enhancing synaptic transmission. The
increases demonstrated in FEV1 and FVC
following 4-AP administration were significant
both in terms of statistical and ATS criteria.;-
The persistence of :!, ‘$e changes in spirome:ry
for up to 12 hours a[tcr a single 10-mg dose was
unan[lcipated and has not previously been
demons[ra[ed. And although +-AP has been
shown to reduce spasticity in skeletal muscle.
dlrec[ effects on bron~hial smooth muscle or
small alwav reac~.v-in [o challenge has not besn
repo~ed ‘‘ ‘5

---- Recen[ s[ud)es of the pharma:oklne!lc
beha~-~or of ~-.i? In spinal m~n ha~s
demo~. stratecl ev~cience of enteresysterril:

recirculation, delayed systemic excretion, and an
increase in the terminal elimination half-life of 4-
AP consistent with our observation of an
extended pharmacologic effect. i+ These SC I
population-specific changes in +-AP drug
disposition kinetics could also provide an
explanatmn for the increase in time to onset of
peak drug activity and the prolonged effect
observed.

The strongest associations between necrologic
level of injury and measures of pulmonary
function were obsemed in quadriplegic patients
with incomplete inju~ (Figure 3). Funhermore,
the greatest percentage increase or return toward
normal respiratory function was seen in
incomplete quadriplegic patients who had the
highest necrologic level of injury We interpret
this obsemation to suggest that the amount of
potentially restorable pulmonary and/or
necrologic function is not necessarily dictated by
the clinically assessed injury level or the degree
of paralysis. In individual quadriplegic patien~,
most notably those with complete injury or very
low pretreatment vahes for spirometry, increases
in response to 4-AP never reached predicted
values. The correlation between injury level and
FEV1 in quadriplegic patients mive to 4-AP was
derived from a simple linear equation that allows
injury level to be predicted from pretreatment
.FEV1, or FEVL to be predicted from injury level.
Using these predictive relationships and easily
obtainable measurements of pulmonary function,
a physiologically based and quantitative estimate
of the level of injury can be derived. For
example, knowing that the magnitude of FEV 1 in
untreated patients with SCI varies monotonically
with injury level (r=O.73) will have applicability
in predicting the level and completeness of injury
in individual patients. Simple mathematical
relationships between injury level and serial
measurements of percentage or absolute changes
in spirometry, MEP, or MIP following therapy
with +.\P were identified in this study. These
relationships can help to identify patients with
SCI who are likely to demonstrate the greatest
clinical response to 4-AP, the level and
completeness of their injury and the degree of
response KObe anticipated at a given plasma 4-AP
concenmanon.

Our resul~ demonstrate that with reasonable
certainV. an accum-e!y characterized ~nju~ level
In a quaar~pleglc patient suffering from an
lncomple:e injury can be used co predict the
miignltucit 0[ the change m pulmonam function
[o be ex~ected from a jingle 10-rng dose of +-.A.P
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(Figure 3). Ultimately, all of this information can
be incorporated into SCI population-specific
models that will have diagnostic or prognostic
value, serve to guide therapies, and have
usefulness in directing our inquiries into injury
level-dependent mechanisms. Currently,
assessing the completeness of injury in patients
with SCI. with particular reference to the
identification of preserved neurons and their
potential for responding to 4-A~ is dependent on
a technique that employs lowering core body
temperature to elicit changes in the patterns and
magnitude of evoked potentials. ” Response to a
single dose of 4-AP may offer a useful alternative
method of investigation and classification.

Changes in the FEV1:FVC ratio following
treatment were not observed suggesting that a
proportional increase in both measurements had
occurred (Table 2). The changes in spirometry
demonstrated after the administration of 4-AP to
patients with quadriplegic were not seen in
paraplegic volunteers. Our inability to
demonstrate significant changes in pulmonary
function in paraplegic patients following the
administration of 4-AP is best attributed to lack
of sensitivity in our battery of tests and
intersubject variability that we believe is greater
and more confounding in individuals with
paraplegia than in those with cervical cord injury.
While mean values for FEV1, lWC, MIR and hfEP
were numerically lower in quadriplegic patients
than in paraplegic patients, and much lower in
SCI subgroups than values calculated from
predictive equations derived in able-bodied
populations, no statistically significant or
clinically meaningful differences between SCl
subgroups were demonstrated (Table 2).

Among paraplegic patients, in contrast to
quadriplegic patients, greater heterogeneity in
terms of injury level, physiology, and
completeness of injury prevented more than a
strong trend (p= O.06) toward a significant
difference in pretreatment spirometry from being
demonstrated. Similar trends have been
described by ocher authors and appear to
distinguish paraplegic patients, even those with
injury level below T12, from the able bodied. 12;
Impaired pulmonary function and altered
ventilator mechanics have been observed In low
paraplegia even !when the in]u~ w-as well below
the efferent outflow co muscles of respiration
These changes have been attributed to

deafferen~uon and loss of propnocepuve input
from anatomically distant structures or organs

below the lnjun level that generate senso~ cues

integral to maintaining respiratory function and
cardiopulmona~ homeostasis. ~g

Statistically significant increases in MIP and
MEP were demonstrated in patients with
quadriplegic following 4-AP administration
(Table 2, Figure 2). Maximal expiatory pressure
and MIP increased in alI quadriplegic patients
irrespective of the completeness of the injury, and
a strong positive correlation between percentage
increase in MEP and injury Ievel was seen (Figure
3). .4nalogous to the changes we observed in
spirometry, the largest increase in MEP or MIP
occurred in patients with incomplete injury.
Maximum increases in MEP of 36% and 22%
were demonstrated 10 hours after the adminis-
tration of 4-AP in incomplete and complete
injury, respectively. A similar pattern was
obsemed in the time course of the change in MIP
during the 24-hour study interval (Figure 2).
Changes in MIP and MEP correlate highly with
changes in the mechanical force exerted by the
muscles of respiration and areused as measures
of respiratory muscle strength. As such, MIP and
MEP are most reflective of the restrictive
pulmonary disease caused by respiratory muscle
paralysis subsequent to SCI.3 Because 65% of the
inspiratory increase in lung volume in the able
bodied and as much as 90% of tidal volume in
quadriplegic patients are dependent on the
strength of contraction of the diaphragm,w it is
reasonable to infer that the magnitude of the
changes in MEP andMIPattributableto4-APare
highlyimportantand ofpotentialclinical
significance.Whether4-APincreasesrespiratory
musclestrengthandendurancecentrallythrough
aneffecton centralnervoussystemrespiratory
centersand/oraxonalconduction,orperipherally,
bydirectlyenhancinginvoluntarysmoothmuscle
functionorneuroneuronalandneuromuscular
transmission,remainstobeascertained.
Theclinicalimplicationsoftheresultsofth~

studyare diverse, significant, and consonant with
a therapeutic role for 4-.4P in patients with .X1.
The administration of single dose of an
immediate-release formulation to h’mans wi[h
longstanding, traumatic quadriplegic was
associated with a sustained, clinically meaningful
treatment effect and a statistically significant
improvement in respiratory function.

We suggest that the administration of 4-.AP
should have a saluury effect in [hese patients and
that Its value as a pharmacologic in[erven[lon
w!l I be cfemons~:ated through clinically
Slgnlflcan[ reductions in the pathophyslolog]c
pulmonam sequelae of 5CI,
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Orally Administered
&s Improves Clinical Signs

4-Ami.nopyridine
in Multiple Sclerosis

—

Floyd A. Davis, MD, Dusarssrefoski,MD, andJean Rush, M, ,MSN

4-Amiaopyridine (4-AP), a porassium channel blocker. restores conduction in blocked, demyelinamd @ ❑eme. k
adminisrmrioa to multiple sclerosis (MS) pacienrs produces transient neurological improvements. Vision improves tier
either oral or intravenous administration. whereas motor funcrion improvement has been reporred OfdYu+b he hter.
To assess fursherirspotential asa pracrical symptomatic rreacmenr+ we srudied che efficacy of singie, or~ d= of 4-AP
on borh visual and motor signs in MS. Twenry cemperarur-sensirive male MS patients were given either !0 to 25 mg of
4-AP or identically appearing lacmse placeb capsules. Sraric quantitative perimecv, critical flicker-fusion, visti

acuiry, visual evoked potentials, and videotaped neurological examimtions were monitored. AIJ of 15 M wients
given 4-AP mildly co markedly improved. Motor funcciorss (power, coordination, gait) improved in 9oi13hvohed,
vision in 11 of 13, and cadomocor functions in 1 of 2.lmprovemenrs developedgraduallyM dosesas!OW as 10 mg,

usuallybeginning within 60 minutes after drug administration, and reversed gradually over 4 to 7 ho-. N-o seriotM
adverse effecrs occurred. No significant changes were observed in 5 MS patienrsgiven#=ebo.WC conclude rhat
orally administered 4-AP produces clinically irnpomanr improvements in multiple, chronic deficirs in MS. Ftir
srudies are warranted co assess efficacy and safery of prolonged administration.

Davis FA,ScefoskiD, RushJ. Orallyadministered4-Aminopyndineimprovesclinicalsi~
inmultiple sclerosis. Ann Neurol 19$02-: 18& 192

Computer simulation srudies indicare rhar conduction

block in demyelinaced axons is due to a crirical de-
crease in action current rhac resuks from irs wasteful
short-circuiting rhrough bare axonal internodes [1]. A
strategy for developing a symptomatic rherapv in mul-
riple sclerosis (lMS) would be to atresnpc to restore

conduction in blocked demyelinared axons by incre-as-
ing action current (2-5]. Drugs rhat increase, action

potential duration eirher by inhibiting sodium channel

inactivation or porassium channel activtion, or lxx-h,
increase action current and would be expected to re-

store conduction in blocked demyelimted neme [6].
4-Aminopyndine (4-AP), a blocker of K- channel

activation [;], prolongs nerve action pmem.ials and, as
predicted, restores conduction in blocked demyelin-

aced netwes in animals [8– 11}. Orally administered
4-AP has also been shown to improve vision but nor

motor function in MS parierm by Jones and associates

[12}, and we subsequently repx-red chat inrravenom
4-AP improves motor and au.lomocor as well as visual

deiicirs in MS [ 13]. The purpose of this srudv is to

assess tier the efficacy and safery of oral singJe-dose
4-AP and also COdere.rrnine if prolonged thertpc. uc

trials are warranted.
,% in the prewous investigations with -i-AP, te.m-

pexure-sensirive pauents [14, 151 were selecred be-
cause rhe~ are also expected co be ver; senslave [o

1

pharmacological conduction modifiers 16, 15]. The
number of AMSparienrs who are temperm.re sensitive
is substantial. Malhorraand Goren [:61 obsemed
worsening during induced hyperthermia noc-barb test)

in 17 of20 MS patients (857c). Simons : 1‘] reporred

rhat 62% of parienrs with MS became wed< when they
were exposed to hear.

Methods

Protocol and Pulient A-sesIment

Twenty temperature-sensitivemale .YLSTaue=m were ewdu-

acedbefore and after oral adminisrrauon Jt e:=.er +-AP (2.5-
and 5-mg capsules) or identically appearing &-rose piaceb
Their ages ranged from 25 co 48 years (meti~~. 5b.5). +-AP
wm purchased from Regis Chenucal CoCZanV ,Morton

Grove.IL),and 4-AP and placebowere fern.-acecmro CIP

sulesbyourhospitalpharmacy.The 10-co25-.mgiosecznge

was systernaricdlyexploredaccordingco J descending-

ascendingschedule, wirh individual cord doses o~ 25, 20, 15.
12.5, and 10 mg (Table 1). The dose rznge wzs based m parr

or-sour previousexperienceswlrhmuavenous J&-nmisrrarion
of 4-AP [ 13]. 4-AP was adrnmisrered orally x J single Jose
except m 3 pauencs. who received mulripie :::<5 :rer 50 w
90 minutes. Pmwnrs ~ ere nor rold wkemtf ne: :ece]ve:
4-APor placebo:15 received +AP mci 5 :rx::ve: pkcebo.
They were mt-orrned of possible ~-AP side <+x. .x! “- -
paresrhestas, wtuch cornmoniv occur I; 1. I }j. 3L: me Frt-
quenc:; of Mcmence WLS nor disrtiseti. TM- we:: tio coic



Ta&I. Sutnnruq of Resuhs of Ora! -GAmino~ridirrt and PLace&oAdmirriitration to .M3 P~:~mr~
_.

Total Dose Motor Oculomocor
Parrent Agenr (mg) Function Vis]on Function \Tp Side Hects Net Effecr

1 4-AP
2 4-AF’
3 4-AP
4 4-AP
5 4-AP
6 4-AP
i PIacebo

8 4-AP
9 4-AP
10 4-AP
11 Placebo
~~ 4-AP
13 4-AP
14 4-AP
15 4-AP
16 4-AP
17 4-AP
18 Plafeh
19 Placeb3
20 Placebo

10
10
10

3+

2+
3+

1+

2+
~+

o

3+

o

1+

o

0

2+

o

0

0

0

o

3+

3+

o
2+

o
3+
3+

1-
j+

0
0

0

P,D

D

D

P.D

D

P,D

h’

D
N

Y D

0 ~ N

0 s N

s N

Y P,D

Y P,D
s N

~- Y N
0 s N

s N

0 x N

‘r’

Y
Y

Y

Y

Y

N

Y

Y

Y

N

Y

Y

Y

Y

Y

Y

N

h’

N

AP = aminopyridine; VEP = visualevoked potential; O = no irnprovernenc 1- = uuld impmrsmenr: ? + = modetic unwwmenc j‘ =

~r improve rnenc P = paresrhesias (cransiesrc. mild);D = dizzinessador bghrheadedness crwr.slenc, mild); Y = impmvemerm N = no
Blank spaces mdicarc rhaI resnng was nor performed because of lack of suffraem resung time or rhar tkncrion was normal or nor

re fore Scnsirive.

char placebo, althougJ inactive, migkt & associated with
similar side effects. Only one of the invescigarors (D.S. ),
whose role was largely supervisory during che testing, was
aware of rhe narure of the agent administered and the dose
schedule. The ocher invesrigarors (F.A.D., who graded rhe
videotaped neurological examinations ~E}, andJ.IL)were
blinded except during an initial pilor series of rhe first 4
parients, who were all given 4-AP (Table 1, Patients 1-4).

While overall neurological starus was examined, testing
focused on remperarure-sensirive, functionally relevanr defi-
cits. Each patient’s serially recorded videotapes were graded
during a single session to facilirace comparisons and were
tared on a scale of O co 6 (Table~),reflecting the range be-
rween normal funcrion (grade O)and severedeficic(grade6).

Motor improvements of 2 grades were considered sigrsd5carsr

and were racedas 1+ Three gradesand greaterimprove-

mentswere raredas2+ and J+ ,respecrivelv,

Criticalficker-funonfrequencv(CFFj was resredmon-

CCULUIy wi”’1a Grass modej HPS-2-B photo-mmulmor

(~ncy, .MA) [1~j.Vhal acusry(VA) was assessedmonoc-
uJMlyby de~errnirungtheminimum reso~vabie separation of
two ve~c~ CSSCNOSCO~traces {1j j. The resulrs from W
d were averaged for CFF and for VA. Visualimprove-
ments,3S mem~ed by C’FFmcj I’A<were assessed u 1-
wb-.~e ~s[do~ mcr~ was i 5 to 30G+ of &.e predose-- .-
V ~L for ~ Z1 CO~~o( Increfie, md ; + ~Orm 1nCre3X’

gH=tier than 4>Yc.
~’isual rieici examinarsons were czred OUIan a Goiamann

Mnmecer 940-ST Haag- Srre]r .+G. Bern, Sw~ner~d us-
w standard techmques for srauc quann~ve perimem Yt-
d evok~ porend IVEps) we~~ recorded with a N-ICOk:

Table 2. Videotape Rating

Grade Funcrioo

o

1

3

4

5

Normal

Berween normal function and mild dehcit, dys-
function is revealed only on very thorough tesr-
ing: it K often fleering and nor noticmble 10 rhe
Panenr

MiJd deba~ dewcrable on rouune resting of a
spedc function; it only mmimally alrers che pa-
nent’s performance in carty.ng our a given rask

.Mdd COmoderue deficic, readily demonstrable on
tesring ir rnddly but noriceablv alrers a specific
funtion

Moderare debar: rhe specific function can only be
pardv execured by rhe panent

Modemre m severe deiicic d-separienrcanonly
muum.al~periomnrhegivenwk asa func-
nonall~cseiui\evel

Severe defiac: tie specitic neurolo~cid funcaon IS
nrdr IX compierely abolished and serves co
sgnukmt functional use

... . ..J 7— .-. . . . . .. . 8fc -0-
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normal P-1OO!arency
msec forfull-heldand

values for Our &rarOry are 1I 1.j4
114.92msec for central-field sclMula-

cion. each represenmg z mean plus2 standarddeviaoons.
P-100Iacencies were measured with I manuailv adjumble
electronic cursor, and wave amp[irudes were measured
peak-m-peak benveen N-1 and P- 100, Viral signs. including
bcdy temperature, eieccrocardiogratn, elecrroencephab
gram, complete blood count, and semrn biochemistries

(SMA- 18), were monitored inrermirrendv in all pariencs.

Patiint Selertion
Pxiencs were seiecred from rhe Rlush !vtulriple Sclerosis
Center (Rush-Presbyterian-Sc. Luke’s Medical Cenrerl us-
ing rhe following crkeriz a definite diagnosisof,MS:male,

not older than -i7 yeus; no hisrory of cardiac, puhnonq,
heparic, renal, or ocher systemic disease; and a posiuve his-
tory for the presence of neurological signs that revenibly
worsen wirh hypercheti Only men were srudied in com-
pliance with Foodand DrugAdministration resrricrions. This
srudy was approved by our insrirurion’s Hu.wIan[nvesuganon
Con-mime and all pasienrs signed informed consent forms.

Results

Lhfiidto marked improvements occurred in all of rhe
15 MS parienrs given 4-AP, Motor functions improved

in 9 of 13 involved, vision in 11 of 15, and oculomocor

function in 1 of 2. Improvements developed gradwllv
with doses as low as 10 mg 4-AP, usually beginning

within 60 minutes after drug adminisuarion, and re-
versed gradually over 4 to 7 hours. No signiiicanc

changes or side effecrs occurred in the 5 paciencs who
received placebo (see Table 1).

Motor functions improved most srrikig~y wirh re-

spect co power and coordination. All Limb muscle
groups appeared susceptible. These improvemems
were apparent with both simple hmcuon resrs and che

performance of complex motor ra.sks such as gait and

repecirive movements.

Figure 1 shows improvement in r-he abtiry co raise

the arms against gr3viry slier receiving 20 mg 4-AP in

a. 38-ye-ar-oid iMS patient (see Table 1, Parienr 1) wirh
a moderate-co-severe quadriparesis caused by spinal

cord involvement. The peak effecc lasted 1.5 hours
and che patient cemporarilv regained che abiiicy co feed

himself. Reversal occurred about 6 hours afrer drug

administration.
In asycm-neuicallv affected limbs, L-nprovemencs

wlch 4-AP were ofren gremer in the Limb char was less

severely mvoived ~see Fig 1). Also, uvmmernca.i um-

provemencs were some”ties observed in sumizriy

aFfecred limbs. Improvements often resulted in sgt-ui-

canr funcaonal @ns. Pmencs usua.llv noticed che irn-
provemenrs u rhe:; were occurring bur some”mzes

I-Iordv 2.s: ev were w-a-mg ofi. Less comrnocdv, paaenrs
were elcher nor sure 0( tocumence~ m,prove.mec. ~ >r

mred some ’51x rmc mhers.
Vkti npr~ve.~en[s oc~~re~ m I! Oi 1j ?aEt2:5

wf10 reC::Ve.~ +-.\? ~d !n none OC_KIe pkeb CGCL-CI

{.,
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skjecrs. Patients whose visual rests improved afrer 4-

A&4/.minimaciorI were also .generail:- aware .f an irn-

F- ‘nenc in vision. Figure 2 illusrra[es improvement

ot i=rr-eye CFF from 23 Hz to 40 Hz 1.5 hours afrer
10 mg 4-AP in a 42-vear-olcl MS patient wirh optic

neuropachy Isee Table 1, Parienr 10). Normal subjects

fuse at about 40 Hz in our laboratory. Gradual reversal

ro baseline occurred by ‘.5 hours after drug adminis-

rrazion. Transient rnilci lightheadedness was reported.
Full-field (FF) anti cenrral-field (CF VEP tests were

recorded in 11 patients (7 4-AP and + placebo) before
and afrer che dose. We compared tracings predose
(tie O) and posrdose at about 2 hours, when clinical

changes were usually apparent (Table 3).
All paaencshad abnormal predose FF and CF VEPS.

The lam were ofren more severely affected, and in 3
pacienu some Iarencies could not be determined be-

cause of waveform distortions (see Table 3). In 1 pa-

tient (Patient 10) c!ata storage dificu.hy precluded

post-4-AP amplirtxk measurements. but bilareral in-

creases were apparent on direct observation for ail 4

respotxes.

I.zencies improved in rhe 4-AP-creared group. The
mean pacdose P-100 larency change for FF and CF

VEPS combined was a 5.40-msec deer-e in rhe 4-AP

4.9

44I

4-4P mm
W* .50s.2 &

i 1 1 I I I I I
1 2 3 4 5 6 1

Fig 2. Improwrncnt in m’tical)tckw{nsion fquenq afier ad-

m~nistration of4-AP in an M5 paticm with hj? optic nene

in ro[tvrnent.

T+— ~. Visual EroU Potcntiah

Full Field Central Field

P-1OOIxency Amplirude P-100 Larency Amplitude
(m) (pv) (msec) (pv)

Parienr Agent Time (hr) Lefr @i-lr L& I@hr L& Righr L& Right

10

11

12

13

14

1>

16

1-

18

1:

. e-=.

4-AP

Phek

4-AP

LLAP

4-AP

4-AP

+AP

4-.4P

Placebo

Place’%

P!3cebc

& 1?6.5
2.3b 126.0

v 153.5
2,4b 154.1

& 142.5
2.Y’ 14i.5

@ 137.0
2.lb 156.0

0’ 127.0

?.ob 1240
@ i50.5
?.ob 13-.0
& i495
2.55 150.0
@ 1-+3.0
7;@ ,.--.. ,>5
0= i42.5
2.0’ ;42.5

0’ .:, -..-. >
1.$’

.
. ?4. >

(y ::~,~
; .>, :;(, i

126.0
126.0

1-2.5
1-2.5

174.5
1~-.>

159.0
15-.0

12-.0
122.0

166.5
159.5

150.0
150.0

155.0
1490

1595
1+1.0

i-O. O
1-05
,7. <,-*
il= ‘J

1.17
NiA

1.46
1.14

3,11
2.26

3.16
2.78

3.62

3.83

1.19
1.16

1.65
1.15

1.8-
I.92

265
‘ “9-.

i.90

158
. --

. 1(,-..

133.4
122.5

153.5
156.0

168.5
168.5

14;.5
CND
126.5
119.0

156.0
149.5

1>5.0
153.5

153.5
143.0

145.0
145.0

C?iD
CND
1:20

ii-O

151.4
145.0

cm
CND

182.0
cm

cm
cm

126.0
23.0

-1.5
59.5

46.0
48.0

-3.0
161.5

/4-.5
149.0

CXD
CXD
i72. O
i: <,<

1.63
NA

1.04
1.06

2.51
1.56

1.68
CND

2.41
1.-9

0.96
0.4j
2.30
2.68

1.03
2.48
1.?4
1.88

CSD
CSD
,,.1. . .
130

I,Z6
NA

CND
CND

0.90
CND

C-ND
CND
1,72

2.69

0.83
1.L2

2.33
2,28

0.73
2.71

1---
1.-9

CND
CN-D
1.30
1.OC
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~oup and a 1. 12-msec increme in the placebo group

(p = 0.019; 2 independent samples, t test). The post–

4-AP CF P-I@ Iacencies were decreased by a mean of

6.80 msec, whera with placebo they were increased
by a mean OF 1.75 msec (P = 0.012). me FF p-loo
larencies were decreased by a mm of 2.92 msec in the
4-AP group and increued by I man of 0.69 msec in

the placebo group (p = 0.055 L
P-100 ampi.irude changes were much more variable

from parienr to patient than were the Iarencies and
were nor srarisricaily signiflcmt. ,Mean incrmse for

comb@d FF md CF amplitude w= 0.43 IAVin the 4-

AP group and 0.34 KV in the placebo group (P =

0.883). The mean FF P-100 arnplirude change was a

O.10-I.LVincrmse in the 4-AP group and a decrease of
0.09 *V in cite placebo group Ip = 0.604). The rn~
CF P-1OOampiirude change was an increase in both
rhe 4-AP and placebo group, by 0.48 IAVand 0.18 P-V,

respectively (p = 0.541).
Employing the criteria of Hammond and Wilder

[18] and Persson and Sachs [191, wherein ~tenv

changes of 5 msec or more and amplitude changes of

30% or more are considered to be signilicam, 4 of the
7 pariencs who received 4-AP had improvements. The

P-100 Iarencies in tiese pariencs (see Table 3, Pariencs
10, 14, 15, 1-) showed a decrease in 12 of 16 (75%)

eye tesrs and an increased amplirude in 6 of 12 (50?c)
eye rests. These 4 pariencs also had simukaneous 3 +

improvements of CFF and V.\cesring(seeTable1).
There.main.ing 3 pariencs given 4-AP showed eirher

insignif3canr improvemenrs, no change, or worsening
of P-100 larencies and arnplirudes. In comparison,

none of rhe 4 placebo concrol subjeas showed any
si~cant P-100 latency improvemems, while arnpti-

mde improvements occurred in 3 of 8 (38Vc ) eye resrs
~ ~ ~onwo[ ~ublti~ (We T&le j, pa~en~ 18 ~d 20).

Four of 7 pacienrs given 4-AP showed improve-

ments in waveform configuration, such as clearer defi-

nition of N- 1 and P- 100 peaks, as depicted in Figure 3.
This figure illustrates reversible improvements in VEP
latency and waveform after a single dose of 20 mg 4-

AP in a -1l-yeu+ld MS parienr (see Table 1, Parient

17) wirh bilareral optic neuropachy. No side effects

occurred. Values for P-100 kaencies and sirnulra-

neouslv recorded CFF and VA for this patient are
given in Table 4.

Clinical and elecrrophvsiological improvements w!rh

4-AP occurrcxi predominancy in cemperarure-sensl-

uve systems. In a iew patients unprovemenrs occurred
in svscems for which rhere wu no histo~ COsuggest
remperarure wmiuvi~: Pxiencs 3 ad 6 {vision) ~.d
Pmie~ 10, wsion, 1’EP~: see Tfile 1.

Ten ot i 5 ~ents who rece:ved +.\P experienced
rr~nslen[ rmk presrhesias or dbz:ness-b~ncheade~-
ness. or ‘kri see T&le i I. ?tiesthesm were mmrily
cormneti {0 “he ‘irnbs ju[ aisc ,]ccrrec ‘ c rnbn-d’:

LEfl
Ploo

RIW
Ploo

3

2

4
~F J-k-J-J ;

(OZ+PJ 1

43;
FF

(Oz-F@ 2 \

1

v
Fig 3. Rewvsib& imprvvemvnt in visual Aed Polentlal IVEP/

Latent-yand wavef&m afier a singrk dost of20 mg 4amino~-

n’dint (AP) in a 41-year-oLiMS parienl uilh biLzted opr:c

wrve involvement. Vertical murk indicate [he P-1(X2 uaw

Lawnrietfw VEP-2 tracings. Lutenq imprvremenrs occur in d

VEP-2 tracings. Wavefm impmtwnenr~ I’VEP-21 arr pan:cu-

Lvdy jwiking in tbe centraifiki (CFI trwings, ukre the pre-

4-AP VEPs ~lt am haeiy discernibk IVEP-1 I. Then is alro a

murked mvwsible nonnuiimtion of the .<-1 uat t ~J~ll. nt~nte
akunward aly%rtion@mding the majw. pmitiae P- 100 u.D-

ward wave) in thekft fd?-jicki (FFi VEP-2 rvcocding. Vdza

fw katencitztand jimuitianeow’y wcwaid cntxcslj’lickw- fu~:on

and visual acuity improvements are giwn in TabL 4. 1.2 = Jp -

pmximatee’y2.33 boun after $-AP dmlnw~rio~: 3 = J?-

pmxiwtei’y 4.33 houn after 4-AP. ~

and in che scalp. Mild dizziness fnoc verrigo ) or light-

headedness, or borh, cmurred at times wirh hed-~wdv
movemenrs. None of these svmpcoms were disrurblng

or interfered with the experirnenral procedure, and nc

pariems requested to discontinue rhe scudv because or
side effecrs. No significant side effects occurred in rhe

5 pacienrs given placebo.

Discussion

The resulrs demonstrate rhar orflv admirusrered -+-AF

acutely improves both motor anti visuai abnormalities
in MS paaenrs. Some of the improvements were large

enough co be of rherapeuric benelir d caurreci u
welkolerared doses. The posslbie use of cral 4-.\P -u

a clinical rreaunent in MS reqwes Funher jr~~~ u.
assess long-cerrn eficxy, safery. anti parienr se!ecuoc

crireria.
‘Whale the clinical improvemeccs xlrh -J-AP u? be-

lieved co be due co a resrormon OF conc!ucncn lr
bkx-ked, demvelinated neme i’txrs. :r is posslbie :ku

[he ~bdiry o~ h.mcuonin~iem~eiir,~teti .L.on5 :C : :,fi-

dua repeutive rrains ot_unpuises :.Gre {2Jrhd+_LlY:s is
unprcvecl. Tne CFF improve-nenr T::n -+-i? .: :~:



“ Tab4 4. lmpwwmenr~ Produced ~ a Singit Dow 0[ 20 mg 4-t+mlno~ na’int :n a 4[ -i ’ta~-OLi W Patten:’

_&---- FF t’_EPP- 100 CF ~_EP P-1OO VA Visual
Larency (msec ) Laenq ~msec ~ CFF (Hz] Angle (“)D

Tesr Time (hr) Let-t Right Leli P+ht Left Rlgh[ Left IUghr

1 0 (pre–4-AP) 145.0 155.0 15j.5 1-3.0 18.3 1>.o 4.3 3. j
~ 2.33 (post-4-AP) 13-.5 149.0 l-ij.O 161.5 28.8 ~o,5 2.9 2.4

3 4.33 (posr-4-API 1;-.5 158.5 151.0 ; -~,~ :-.1 l&.5 3.3 2.8

4 5.50 (pos[-4-API h~ NT ~T X-T 23.5 16..s j,~ 2.9

‘Same pariem and experiment u in Figure5.
bValues are in minutes of uc.

FF = hdl held; VEP = VISW.Ievoked porenod: CF = ceno-ai held: CFF = ccncal lickerhmon: V.\ = wsud actury; AP = aminopyndine;NT
= nor rested

patients may reflect this. The repetitive conduction de-

fect in demyel.inaced nerve [20-22] is rhe result of a

decrease in membrane excirabilicy caused by hyper-

polarization produced by electrogenic Na - pumping

[25], which 4-AP may counceraa by increasing action

currenc. Exactly where 4-AP exerrs its effect on demy -

elinated axon has been widely rheorized [13, 24. 2S].
Based on K- channel localization [8, 26], it would be

expected to be acting ac or near demvelinaced mrer-
nodes.

h has been observed chat repericive impulse acriviry

AW in demvel.inaced axons exposed to 4-AP, which-.
1 account for 4-AP-induced paresthesia in hu-

1-JS [2?, 28]. Ten of our 15 MS patients who re-

ceived 4-AP experienced u-ansienr mild paresrhesias
or transient mild dizziness-lightheadedness, or borh.

Though these pariems may have become unbiinded, 3

had reversible improvements in VEP cescing afrer 4-

AP thatcannot be explained by a placebo effect. This
finding, the improvement in 4 of the pariems given

4-AP who did not experience side effects, and rhe

absence of improvements in the placebo group all

strongly favor a rrue pharmacological effect. FinaUv, it

is noreworchy that rhe videoraped neurological exami-
nations, which were rated blindly, successfidy differ-
enciared rhe 4-AP and placebo groups.

The VEP improvements with 4-AP obsewed in rhis
study are compatible with an improvement of conduc-

tion in desnyelinared optic nerve fibers. VEP changes

caused by puracive alterations in optic neme conduc-
tion have been demonsrrared previously in ,MS pa-
tients, Irnprovemenr OCCWSwith hvpemencilarion {29]

~d verapamii [~()], while worsening occurs with m-

increased body rempemrure {31] and exercise (Lhrhoff

symptom) [19]. Our tindings wlrh 4-AP are sumilar to
rhe tindings with hvpemenciluon repomed by Dawes

-~ ..csoclares [29], whe ~so obse~ed p- ~()(j ~rency

‘icuon wlthour consisrenr wnpisrude chmges. The

. . .~wn _gearer varlabdi~ Oi \’EP arnpiirude compared
to iarefl~ possib]v expkuns rim phenomenon :1 S. ;2.
..-
>>J.

DavLs

Hammond and YianNkas {34] reported markedly
disrorred and absent CF VEP responses in 34% of MS
patierscs studied, which is consistent with preferential

involvement of macular fibers in MS. This compares co

sunilar findings in 2TTr of patients in our study. lm-
provemencs in CF waveforms seen with 4-AP are

likely to reflect improvement in conduction in rhese

macular fibers.
We have nor observed serious or bothersome side

effeas at cocal intravenous doses of 4-AP below 30 to

55 mg [13] or singIe oral do=s up co 25 mg reporred
here. In comrasc. Jones and associates [12] stated rha
side effects (dysesthesias and dizziness) precluded its
ciinical use. While no seizures occurred among our

paciems or in che wudy bv Jones and colleagues [12],
seizures have been reporred in pauencs who received
4-AP for crearrnent of myasthenia gravis [35], boru-
Iism [36], and kfS [37]. Mechanisms for the conv-ul-
sanr action of 4-AP have been discussed previously
{15 ]. Also, 3-arn.inopyricLne is known co have convul-

sant action when applied direcdy on the cerebral cor-

tex of cacs [58]. Since MS pacienrs have an increased

incidence of seizures, they might be expected co be at
higher risk for seizures on exposure to 4-AP rhan are

normal subjecu. AIrhough it is imporram co recognize

tie porencial for this side eff~, our results sugges[ a

safe and effecrive therapeutic window for orally ad-
ministered 4-,4P for visual and motor deficics in se-

Imrec .MS pariencs.
Pauem selecrion cnreria could be imporranr with

respecr to 4-AP erncacy, Some pacier’~ m@r improve

#obaUy and othen only in a specihc neurological finc-
rion, depending on rhe number and clinical expression

oi blocked demselinxed nerve hbers capable of being

resrored to conduction by pharmacological means.
Tem.perarure-sensave .MS paems are parriculariy fa-
\-or&ie cantidires (or efi-e~ve rr~rmenc wlch 4-Ap

>ecafie rhev hz~e large numkrs O( neme fibem C~3C

3R e:iier ‘%rcieiine-xmciwarrg or are IUSC barei~

210cKe~ [6:. Furmerrnore, during acure ex~erbanons
Q Ms. tempe.rm~e ser-mnvi~ 1s heightened {59j.

t: al -1-.Aminoovndine-re!ared Imm-ovemenrs m -MS 191
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•~i3~B NOTICE
‘THISW$TER!AL MA.~ SS PROTECTEDBY

COPfi%CW’ LAW (TITLE 17,U.S. CODE)

The effects of 4-aminopyridine
in multiple sclerosis patients:

Results of a randomized, placebo-controlled, double-blind,
concentration-controlled, crossover trial

C.T. Bever,Jr.,MD;D.Young,PharmD,PhD;PA Anderson,PhD;A Krumholz,MD;K Conway,RN;
J.Leslie,PhD;N.Eddin@on,PhD;KI.Plaisance,PharmD;H.S.Panitch,MD;S.Dhib-Jalbut,MD;

M.J.Fossler,PharmD;J.Devane,PhD;andKP.JohniouMD

Article abatract— Because 4-aminopyridine (AP) improves residual deticiti in some multiple sclerosis (MS) patie=
but has a narrow toxic-to-thermseutic mamin. we mmrxwed the safety and efficacy of *O tiet OSak serum concen!x-a-
tion ranges (1OTW30 tm 59 I@~ and high-60’to 100 n-ghnl). We enrofied eight l@ patients &.h”temperature-aenaitive
viaua.1 and motor deficite in a randomized, piacebwontroll~ double-blind crossover trial of short-term oral AP trexit-

#“’’;~:”’ment. We randomized Mienta b a aeauence of three treatment on three aermrate dava: DIacebo. low serum cmcen-
tS21tiO~ and h@I sem&

. .
concentration. We determined dosing to achieve the desired steady-~te peak serum concen-

tration rangIM fimm a test dose and population pharmacokinetic parameters using bayeaian estimation. Contrast sensi-
tivity, standard necrologic examination, ratings of videotaped necrologic examin ationa, and quantitative strength as-
seeament all improvad with treatmenk but tlicker fusion frequency, visual woked response latenciea, and Expanded
Disability Status scale scores did not. All patients experienced side effti during the high-sexum-concentration arm.
Agrandmalaeizure ocmrred at a serum AP level of 104 n@, and an acute confusional episode ocmrred at 114
_ W treatment produced improvements in residual deficits in MS patients, but the occurrence of significant t.Ox-
k!ity auggeate that AP semrn levels should be monitored and peak levels above 100 nghn.1 should be avoided. Concen-
tration-control methodology may be useful in testing putative treatments for other necrologic diseases.

NEUROLOGY 1994;44:1054-1059
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Pathologic evidence of preserved axons in demy- MS is in part physiologic. Electrophysiologic stud-
elinated multiple sclerosis (MS) lesions,’ as well as ies of demyelinated axons showed that abnormal
reversibility of some MS deficits with temperature
depression and decreases in serum ionized cal-

potassium currents decreased action potent d du-
ration and amplitude and contributed to conduC-

cium,$ suggest that the necrologic dysfunction in tion failure (reviewed in reference 4). Schauf and
-’..2<
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11 ‘5s$ first suggested that pharmacologic modifica-
of sodiu~-and potass~um curren-@ might be

used to improve conduction in demyelinated fibers,
and subsequent studies’ showed that potassium
channelblockerssuchas4-aminopyridi.ne(AP)im-
provednerveimpulseconductioninexperimentally
demyelinatedaxonsinvitro.Jonesetalsreported
thefirststudyofAP inMS patienfiandshowed
thatAP treatmentcausedimprovementintemper-
ature-sensitivevisualdeficifiinfivepatientsinan
open-labeltrial.Stefoskietalithenshowedthat
short-termintravenousAP beatmentproducedim-
provementsinresidualdeficitsina largernumber
oftemperature-sensitiveMS patientsinaplacebo-
controlledtrial.Daviseta18demonstratedthat
short-teymoralAP treatmentwasalsoeffective,
andStefoskietalgshowedthattreatmentduration
ofup to5 dayscouldbeusedwithoutsignificant
sideeffects.A randomized,placebo-controlled,dou-
ble-blind,crossovertrialin68patientsl”showed
drug-related improvements in necrologic function
without significant toficiu. However, two patients
from that study who continued open-label M had
seizures, and one developed a treatment-related
hepatitis (C. Polman, personal communication).
Pharmacologic studiesll showed clinical improve-
ments in patients with peak levels in the 50 ngkd

~>-qge or higher, with some patients tolerating
un levels over 100 ttghd. However, significant

~~erpatient variability was noted (F.Davis,per-
sonal communication). This variability in pharma-
cokinetics coupled with the potential toxicity of AP
could limit its widespread use in patients with MS.

Drugs such as AP, with large interpatient vari-
ability in pharmamkinetica and narrow tofic-txAher-
apeutic ranges, present a difficult dilemma in trial
design. To avoid serious side effwts in the patients
having the highest serum drug levels, dosea must be
kept as low as pmaible, but this means that patienta
with the lowest drug levels may have levels inade
quate to produce any thempeutic effect.. An approach
to this problem used in earlier ttials of AF18J0 is the
escalating dose format. However, this may unblind
patienta and investigator if the drug has cham%er-
istic side effects, as is the case with AP. A new ap
preach is concentration-contdled methodology, in
whkh individual patients are administered the @
to achieve a predetermined -et serum concentra-
tion range.” We used this methodology to tst the ef-
ficacy and t.oxiti~ of two target serum concentration
_sofM(30b59@md~tilW@d)il
eight MS patienta with temperature-sensitive tiual
and motor deficits.

–-”YthO& Patieni selection. Eight patienta with clinically.-
laboratory-supported defmit.e MS” who had objective

ueflcits of vis’lal acuity and l~wer extremity motor
strength and tone were enrolled in the study. These
deficits were, by history, both related ta the patient’s MS
and worsened by tempezatum elevation but were stable
for at least 30 days prior ta mmiomization- Patienta were
excluded iftheyhad ahistoryafaeimrea or unexplained

,. .-. ..; ;&;:; ,

syncope, epileptiform activity on EEG. acute relapse
within 3 months of randomization. corncosteroid treat-
ment within 30 days of randomization. or complicating
medical illness. Patients were required co abstain fkom
cotiicosteroid and cytotoxic drugs during the study, and
doses and schedules of other drugs were held constant
during the trial. The study protocol was approved by the
local institutional review board, and informed consent
was obtained from all patients.

Measurement ofserurn AP Levels. Serum samples were
analyzed by a validated procedure based on a previously
described method utilizing solid-phase extraction, high-
performance liquid chromatographic separation, and ul-
traviolet detection. 14

Treatment. Identical-appearing capsules were pre-
pared (Elan Pharmaceutical Research Corp, Gainesville,
GA) containing lactose or 2.5 or 5.0 mg of 4-AP (Regis
Chemical Co, Morton Grove, IL) in lactose. Each patient
received a 10-mg test dose of AP, and serum AP levels
were serially monitored for 18 hours, The pharmacoki-

netic parametem for each patient were estimated using
nonlinear renession techniques. 15 Patients were ran-
domized 1 ta 3 weeks later to a sequence of double-blind
treatments: placebo, high concentration (60 to 100
nghd), or low concentration (30 to 59 nghd). The phar-
macokinetic parameters obtained from the test dose were
used, by an unblinded pharmacokineticist (D. Y., N-E.,
KJ.P.), to determine the initial dose for each treatmenl
period for each patient. Timed serum AP concentrations
were obtained after dosing during the blinded portions of
the trial, and the pharmacokinetic parameters for each
subject we= reestimated using bayesian estimation kch-
niques.ls The bayesian a priori estimates for the cahm.la-
tion were obtained bm a previous study (D. Young, per-
sonal communication). The pharmacokineticist was able
to altir the dosage strength and int.erdose intervala as
necessary ta achieve the desired peak concentration at
the time of evaluation (at 30 hours of treatment). Blind-
ing was maintained by having the patient take active
drug and placebo capsules at each dosing, by not an-
nouncing the dosing scheduie to the caregivers in ad-
vance so tit they would not be aware when change-s in
schedule were made, by making pseudoadjuatments in
the schedule during the placebo ~ and by having the
unblinded pharmacokineticist and caregivers communi-
cate by facsimile using forms prepared for the study.

Efiacy evaluation. Prospectively defined tempera-
tu.rt+sensitive de fiat.s of visual function and of lower ex-
tremity motor function were quantitated during each
arm of the trial. Evaluations were carried out at the
same time of day during each arm of the study, and body
temperature was monitnred.

The assessment of visual function included deta-rni-
nationa of contrast sensitivity, flicker fusion &equency,
and visual evoked response (VER) PIN latencies. Con-
trast sensitivity17 was measured with a Pelli-Robson
ch~ with a d.ifIerent chart for each eye. Eyes with nor-
mal baseline values (>1.35) were not considered in the
analysis. Psychological flicker fusion &equency was mea-
sured using a Grass stimulator and strobe light and ex-
pressed as the mean of quadruplicaw determinations. ?
Eyes with normal baaeIines (>3.5 fl~hes per second)
were not considered in the analysis. VER latencies were
measured for each eye in triplicate on a Nico Iec
Pathfinder II with a 30-minuw check size, a repetition
ra= of 1.5 per second, and 100 repetitions per determinat-
ion. Tra&ga ware mad by a bkukd reader and results
expressed as the mean for each eye a each time point..
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!abIe I. Patientcharacteristics.AP dosmze.andsteadv-statemeak.sersssnlevels—r— .-– —=–, – .–– r-— ---—---—-

Study m-m
Ms Low concentration High concentration

Pt duration Ms c- c_

no. Age Sex (yr) EDSS type Dosage (n@nl) Dosage (nghnl)

1 51 F 20 3.0 CP 5mg q 12h 56 10 mg q6h 69
2 50 F 30 6,0 CP 7.5 mg q12h 35 12.5 mg q6h lM*
3 50 M 8 6.0 CP 7.5 mg q8h 64 12.5 mg q4h 114
4 62 M 12 6.5 CP 5 mg q6h 40
5

7.5 mg q4h :5
43 F 2 6.0 RP 5 mg q6h 3’7 7.5 mg q4h 68

6 35 F 8 8.0 CP 5mgq12h 39 7.5 mg q4b 57
7 36 M 9 7.5 RP 7.5 mg q12h 47 10 mg q4h S7
8 41 M 17 .5.0 CP 10 mg q6h 51 7.5 mg q6h 93

Mean t SE 46*4 63=6

EDSS Score on theEspanded Disability Status %aie x
CP Chronic progresswe,
RP Relapsing progreamve.

“ Dosing was terminated after 24 hours because of the occurrence of a seizure. This is tie level at 24 hours and was not at staady state.

Eyes with baseline Iatencies in the normal range (<113 low-semm-concentration arm and 83.3 ng.kl for
xnsec) were not considered in the analysis.

Lower extremity motor function was evaluated by
physical examination and quantitative testing. The
strength of the hamstrings and of the iliopsoas, quadri-
ceps, gastrocnemius, and anterior tibialia muscles were
evaluatd by a blinded examiner and rated on the O-to-5
Medical Research Council scale.ls The %trength score”
was the sum of the individual leg muscle ratings. A Kin-
mm testing apparatus was used to further quantitate
wcePs ~d h-tig strength in isometric cnntrac-
tion.:g Results were the mean of triplicate determina-

te high-serum~ncentration arm fell wi&in the
intended concentration ranges. The observed C-
was within the desired range in seven of eight pa-
tients for the low-concentration arm and five of
eight patients for the high-concentration arm. A
retrospective analysis of intrapatient variability
suggesta that fd interfered with absorption and
was responsible for much of the obsemed aberrant
concentrations (data not given).

Toxicity. AP treatment was associated with

1“tions of maximum force with a 60-second rest between
-determinations.Ateach time point, ambulation, as well

. . ma the examination of the lower extremities by the
~~- .-.~ded examiner, Were videotaped. Taped segmentg

were later reviewed by two blinded raters (H.S.P. and
~”.. :w.~.) who scored relative muscle strength, reflexes,

l.”
tidambulation. The sum of the scores is given as the.x

“ “ %deotape score.”:. -...
I ‘-. “~%ne Expanded Disability Status Scalew (EDSS) score.-....-
.-i.. .@d ambulation index2~ (Al) were determined born the

iilti of a standard necrologic examination and timed

I

.,2+ .,..’amliulation.
., .: .$% Data analysis. The Wilcoxon signed rank test was‘;2:;
I%:. - to detaznine whether significant treatment-related
C%?&rnprovementa were seen.
):,--..: ;
‘:,------,..-*. -

Ream&w Patient churactiristics. Eight MS patients
(table 1) were treated in a concentration-controlled

1-

●.. - txisl of short-term oral AP given in a randomized,.,
,‘.: ‘ @%dw-controlled, double-blind format. The sub-
~k..”jects cmmistai of four men and four women with

~:?’&a ranging &om 35 tA 62 years, disease durations

&Z\ .-g fro? 2 to 30 years, and EDSS scores at
k?l!;~@Ey,rw@ngfrpm 3 to 8. Six patients had a

M Progressive course, and two had a relapsing
ressive course.
~’tiveness of concentration control. The
-~?m$abady-state peak serum concentra-

*$~~C treatment are summa-,..
“... of 46.1 ntiml for the

.:.;+
..-

serum co~centration-related side effects. Overall,
seven adverse events were recorded during the pla-
cebo arm, nine during the low-concentration arm,
and 36 during the high-concentration arm. Dizzi-
ness was the most common toxic effect, occu.ming
once in the placebo arm, three times in the low~n-
centration ~ and 11 times in the high-concentra-
tion arm. Paresthesiaa were not reported during the
placebo arm, but recurred four times in the low-con-
centration arm and nine times in the high+xmen-
tration arm. Nausea was reported once during the
placebo arm, once during the low-concentration
arm, and five times during the highencentration
arm. Nervousness or anxiety was reported only dur-
ing the high-concentration arm. Two serious ad-
verse events mxurred, both during the highancen -
tration arm. An episode of encephalopathy occurred
in patient 3 when serum AP peaked at 114 nglml. A
grand mal tonic-clonic seizure occun-d in patient 2
when serum AP peaked at 104 nghnl. Not only were
side effects more common in the high-serum-concen-
tration arm. but side effects correlated with the
time of peak serum levels in most patients (data not
given). .4P trcament was not ~sociated with my
change in mud signs including body temperature
(data not given).

E#icv The results of quantitative testi of vi-
sual and motor function are sum tied in table 2.

Six patients had b~eke abnormalities in contrast

...:,?.-



Table 2. Su.rnma.ry of efficacy test results

~. Trentnrent ium
caey end point Piacebn b. Eigh

Viiual testing

Mean contrast 1.25 * 0.06- 1.38 * 0.06: 1.40*O.W
Sensiatiw

Mean Oicker fu.moz 2s.3 * 1.6 32.6 t 2.1 2s.4 :0.8
frequency (cps

Mean P1OO laten~ 142:8 141=9 140 s 8

(Ulsecl

Qu.antitaRve mormr “~

HemsUillg Strezlg’tb 102 * 18 106 * 19 107 t 20

(dynedmz~
Qumhceps strer@ 145:32 158*28 153 * 30

(dynes/mi)
Necrologic exanunanon

Strengt.b score$ 74*5 7525 76:5’1
Videotape score# 120:23 126 t 211 127 * 27””

“ kg tbrmhold concrast level.
+ Mean : standard error.
$ StAstiuIIly mgmfkantly improved cmmpared with the placebo

em Qr .0.05, %-koxon signed rank MCI.
! Total leg-stren@ amre was the sum of individual smrm on the

MRC scale” for ssrength of the hrmnsuin@ and of the iliopsoaa.
quaticeps, mc! anwrior tibialis muscles.

1 Statistically slgni!iantly impmved compared with the placebo
arm (p = 0.016. Wikmxon signed rank teet).

# V1deor.aped erammation score was & sum of sm- given by s
blinded reviewer of leg shmgth and spastiab and ofambulation
abiIim.

“*Statistically mgnif%atly intpmved mmpared withtheplaceba
etm @ = 0.02, ~iarxon signed rank test].

ie 3. Results of contrast semitivity testing

Contra@ eemsitivity
Pt (log threebold contmsst level)
no. we Placebo Low High

1 OD 1.05 1.20 1.35
0s 1.20 1.20 1.35

2 0s 1.50 1.35 ND

3 0S 1.20 1.35 1,20

5 OD 1.05 1.35 1.35

0s 1.05 1.35 1.35

6 OD 1.35 1.65 1.50

0s 1.35 1.65 1.50

8 0s 1.35 1.50 1.35

Meen *SE 1.!25 :0.06 1.38 f 0.06’ 1.40:0.04”

● Improvement compared mth placeba w = 0.05, Wdmxon mgned
rank teatl.

sensitivity in at least one eye ftable 3). Of nine eyes
tested, $ve improved during both the low- and
high-concentration arms, three improved during
only one active treatment arm, and only one eye
worsened on Ereatment. A statistically significant
improvement was seen in mean contrast sensitivity

=- both low and high serum concentration (table
Mean flicker fusion fi-equencies and mean P1OO

latencies showed slight improvement on treatment,
but the differences were not statistically significant
(data not given).

Table 4. Legstrengthscoresonmeurologic
examinationandvideotapedexaminationscore

WteMapsd
R TotalIe@nm@I -* UamkUtioa Km’e+
80. P1.ambn b“ sigh PtUebLl b. E@

1 66 ea90 139 159 1G2
2 82 60N0 137 143 m
3 62 59 65 147 152 1:0
4 78 16 82 167 130 177
5 89 89 69 166 152 146
6 63 62 S9 13 38 25
7 .52 3636 21 26 25
8 83 66 87 175 169 163

MeM*SE 73*5 7.5*4 i6 *3$ 120t23 126121$ 127127\

● Tod !eg-atsength xore was the sum CMmdimdud _ on the MRC scaIeM
for mer@ of tie bamsm@Y and d theiliopwas, quadmqn, and ant.enar
tibulis mu.ulea

. Vidmmpedesaminetiansmre w-tbesumof-s7- byablmdedm-
vwwer of leg screnti and spssnoty and of ambulatmn abilim

; Sigm6camJy mmmsed mmpucd with placeimw = 0.016.Wdmxon signed
rank lcstl.

4 SI@kantiY increased mmpared with plscebo (p = 0.02. Wkoxnn mgned
rsnk test).

Improvements were seen in lower extremity
strength on necrologic examination and in ratims
of videotapes of the- lower extremity examination
(table 4). Total leg-strength score improved during
both treatment arms in three patients, and during
only the high-concentration arm in three patients
The score decreased during the low-concentration
arm in three patients. The mean total leg-strength
score improved significantly during the high-con-
centrationarm comparedwiththeplaceboarm
(table4).Scoresofblindedratingaofvideotapedex-
aminationsofthelowerextremitiesimproveddur-
ingbothtreatmentarmsinfiveofsevenpatients.
Scoresworsenedinbothtreatmentsmnainonepa-
tient.Meanscoressignificantlyimprovedcompared
withtheplaceboarm duringboththelow-and
high-serum<oncentrationarms(table4).Quantita-
tivetestingofquadricepsandhamstringsshowd
small,statisticallyinsigndicantincreasesinmean
strength(table2).No changeswereseeninAIor
EDSSscores(datanotgiven).

Discussion.We foundratesoftreatment-related
improvement=invisualandlowerextremitymotor
ftmhonthatwere8tiar to those reported in pre-
vious short-term trials of M. Jones et a16 treated
five patients with labile visual symptoms in an
open-label trial and noted improvement in vision
tating in all. Stefoski et a17 studied intravenously
administered AP in a blinded placebo-controlled
trialin 12 temperature-sensitive MS patients and
reported significant improvement of speci.i5c necro-
logic deficits in 10 patients. ln a trial of short-term
oral AP treatment, Davis et aP treated 20 tempera-
tu-esensitive MS patients in a placebo-controlled
format and reported mild to moderate improve-
ment of either visual or motor symptorm in all of
the 15 patients who received AP and none of the
five patients who received placebo. Recently, the
same group reported a double-blind placebo-con-
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trolled trial of oral AP with treatment durations of
up ta 5 days.g Thirteen of 17 MS patients improved
on AP and only three of nine patients improved on
placebo. These studies suggest that AP may induce
improvements in specific necrologic deficiti in MS
patients, but the studies were Limited by questions
about blinding, failure to randomize treatment,
and failure to either use prospectively deii.ned nec-
rologic deficits or adjust significance levels co com-
pensate for multiple comparisons.

A recently reported randomized, double-blind,
placebo-controlled, crossover trial of AP1° addressed
some of the design weaknesses in earlier studies
and suggested that not only can AP treatment im-
prove specific residual deficits, but it can also im-
prove overall function. In 68 patients receiving es-
calating oral doses of AP over 3 months, the mean
EDSS score improved by 0.28 with treatment. Ten
patients improved by one point or more in the
EDSS score on AP treatment and only three wors-
ened, whereas no patient improved by that much
on placebo and 11 worsened. Whereas improve-
ments on quantitative tests for vision and oculomo-
tor function correlated with serum AP levels in in-
dividual patients,ll overall necrologic improvement
did not. 10 Although the escalating dose format
could have unblinded patients and examiners,
these results are the most convincing to date that
AP treatment carI lead to functionally significant
improvement in residual deficits in MS patients.

Testing in the present trial utilized measures
that yielded quantitative results (flicker Mon &e-
quency, contrast sensitivity, VERS, and quantita-
tive determinations of quadriceps and hamstring
strength) to allow the detection of a serum mncen-
tration-response relationship. Although the re-
sponse rates showed a slight but statistically in-
significant serum concentration relationship, the
magnitude of response was notserumconcentra-
tion-related for any of the measure s employed. We
may have used too few patients and serum concen-
trations to detect cMTerences. The serum concentra-
tion-response curve for AP may plateau at high
concentrations, and we may have chosen two
serum concentration ranges that were on the
plateau. The lower serum concentration range of 30
to 59 nghnl may therefore be adequate for inducing
improvement of some necrologic deficits.

The frequency of pa.resthesias and dizziness in
the high-serum-concentration arm is similar to that
in other trials. Stefoski et ali reported paresthesia
in 12 of 12 patients treated with intravenous AP
and five of 15 patien~ on oral AP, and van Diemen
et all” reported pare9thesias in 15 of 68 patients on
oral AP. Jon- et alG found dose-Limiting dizziness
and disorientation in five chronic MS patients. Ste-
foaki et al reported dizziness and gait imbalance in
five of 12 patients receiving intravenous A.F and in
13 of 17 patienti on oral AP.g Van Diemen et all” re-

-&Zitleasin 360f68paticm@.
usr
MS
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f seizures or
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venous AP induces seizures in mice,22and seizures
occurred in patients receitig AP treatment for bo-
tulism,” myasthenia gravis,24 and Larnbert-Eatan
syndrome.w No seizures occurred during 3 months
of AP treatment in 68 patients,l” but seizures oc-
curred in two patients from that study who contin-
ued open-label treatment (C. Polman, personal
communication). There are no previous reports of
serum levels at the time of A. P-induced seizures,
but serum levels greater than 100 n~ml have been
reported in patients without seizures (reference 11;
F. Davis, personal communication). Because the
high-serum-concentration arm produced much
greater toxici~ than the low without any obvious
therapeutic advantage, it seems likely that clini-
cally useful serum concentrations would be in the
30 ta 59 nghnl range.

The present study was limited by a small sample
size and short treatment duration. The sample size
was based on the crossover design, the ~=e of con-
centration control, and the reported rates of im-
provement in previous trials. Eight patients ran-
domized to three arms are equivalent to 24 patients
in a th.reearm parallel design trial.x Interpatient
variability is minimized becauae in a crossover trial
each patient serves as his or her own control. ~ Vari-
ability is ~er reduced by serum concentration
control. The observed response rate was similar to
the 80% improvement rate seen by others.’-g The
short treatment duration employed in this trial was
based on previous reports of responses with similar
or shorter treatment durations.’~ We calculated the
minimum time necessary to achieve a pharrnacoki-
netic steady state in all patients. Other studies
found that side effects are greatest when drug treat-
ment is startd and then decrease with duration of
treatmen~l” so our patients may have experienced
maximal side effects for the serum concentration
used. The latter limitation may have contributed to
the lack of improvement in overall function (13DSS
and AI scores).

This trial demonstrates that a new methodology,
concentration control, can be usefid.ly applied to the
assessment of some drug treatment effects in MS.
The use of concentration control methodology in
clinical triah was first proposed by Sanathanan
and PecL” based on the development of techniques
lx predict an individual’s pharmacokinetic response
fkom population pharmacokinetic characteristics. 16
This allows dosage adjustments to be made in pa-
tient5 in real time in response to serum concentra-
tion measurements. This methodology, successfully
applied to the study of the antineoplastic agent
suramin,= appears to be applicable ta neurolo~c
diseases as well.
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of 4-Aminopyridine cZFUiHFZ ‘7S‘“SOcO~E~
-- Signs in Multiple Sclerosis: A Randomized,

Placebo-Controlled, Double-Blind,
Croswver Study

Harrier A. Al. van Diemen, MD,” Chris H. Polman, MD, PhD,’ Theo M.M.M.van Down, R-ID,$

Arie C. van b-men, PharmD,$ Jos J. P. Naua PhD,q Marrin J. B. Taphoom, MD,+
Harm K van Walbeek, MD,”* and Johan C. Koersier, MD, PhEY

To find out whether creaunent wirh 4-aminopyridine is beneficial in multiple sclerosis (MS), 70 pacienrs wirh definite
MS entered into a randomized, doubl~blind, placebo-controlled, cross-over rrial in which rhey were rreaced wirh
4-arninopyridine and placebo for 12 weeks each ( maximum dose, 0.5 mglkg of body weight). The esrimated effecr of
che crear.menr as m~ured wirh the Kurdce expanded disabiiiry srarus scale, which was the main evaluation parameter,
was 0.28 pine (p = 0.001). A significant decrease in the scale score (1.0 point or more) was eneouncered in 10 pariencs
(16.4’%) during oral trearmenc wir.h 4-arninopyridine whereas it w= not seen during placebo creacment (p c 0.05). A
sigticant sub jecciw improvement (defined as an improvement chat signi!icanrly affected the acr.ivicies of normal daily
life) was indicared by 18 pariencs (29.5%) during 4-aminopyridine creacmenc and by 1 parienc ( l.&c) dw iug placebo
rrearmenc (~ <0.05 ). Significance improvements relared m 4-arninopyridine occurred in a number of neurophysiological
parameters. No serious side effects were encountered. Howaer, subjective side eff- such as parcsrhesias, dizziness,
and Iight-headedness were frequently reporred during 4-arninopyridine r.reacment. Analysis of subgroups revealed
char rhere was no difference in effi~ berween chose parienrs randomized co receive 4aminopyridine and rben
placebo and rhose mndomized to receive placebo and then 4-aminopyridine or between patients with amd those without

.S~_bjecrive side effecm Especially pariencs with cemperaruresensicive symproms and parienrs charaaerkd by having

onger duration of rhe disease and being in a progressive phase of &e disease were likely to show clear clinical
Mnefit.

van Diemen H.AM, Polman CH, van Dongen TMMM, van Loenen AC, Naua JJP, Taphoom MJB,
van Walb-eek ~ Koersier JC. The effecr of 4-arninopyndine on clinical signs in multiple sclerosis:

a nndomizd, placebconrrolled, double-blind, cross+ver srudy. Ann Neurol 1992; 32: 123-130

In a small number of srudies, the porassium channel

biocker 4-aminop@ine (4-AP) demonmramd an abil-

iry to induce a cransiem improvement in clinical signs

and symcoms in pacienrs wirh multiple sclerosis (MS)
[14].Thesefavorable effem probably are due to rhe

resrorarion of nerve conduction in demyelinared neme

fibers by prolongation of the repok-izarion phase of

che action porenrial {5-71.
Alr.bough remdcable improvements were reporred,

especial.lv concermng moror and visual funccions, defi-

cure conclusions canner be drawn from these srudies

since the drug was ~ven for a very short persod co

mall groups O( tu_ghlyselectedpariencs.AMosrof the

srudieseitherwere no[ randomized or nor controlled,

or used uncommon outcome cnterm

In this srudy, we present the results of rhe first ran-

domized, double-blind, placelxxonr.roiled, cross-over

srudy with long-term oral adminisuarion of 4-AP in

pacienrs with MS. The effecr of 4-AP on the clinical

signs in MS was investigated in 70 pasients wirh clini-

cally definite or Iaborarory-suppm-md definite MS ac-
cording to che criceria of Poser and associates {8].

Pacienrs and Methods

Stkrt:on of Pati2n:s

The mcluston criteria were defmire MS [8], a Kuruke ex-
panded disability star-us scaIe (EDSS) score ar entry of 2.0 ro
“.> pomu [9], and an age berween 18 and ‘O years.

Excius]on cnrena were a recent relapse, concomiranr dis-
eases contising or nwruc!ang the plcrure of ,MS.and a medl-

.r==.
m che IXparrmenrs JI’ ‘Xe,uroiogv. ‘CJmcaJ Xeuruphvsloloqv. Rece:veo %? 25, 1991. and In rewse~ iorm -IN. 5 ma 29. ;W?

c =Pharmam, Free UII.cmw HcspIm. rhe Depa.runeors or .\c:epre for pubhcanon Jan jO, !$92.
j.We&II Phwlcsarm~meom oi.Ue&cme. Frte Lmvermw. and me
‘Dqartmenr OFSe,m;og. Orze Leve ~muwe G.urtms. .4m.srer-

.\due5s cm_respndcnce co Df Pounan. Deparnnenr or’ Xe~&-Oioq,

FreeL’ruvem[~HmpIcai. P O %X ‘05-, 100- MB .4msrerdam
m. rhe Xetherianus :be \e[heri.mds
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cd hisrory ofepdepuc ticso: car&c, hepauc. or renal disease
Pregnant women or women of chddb-eanng age no! using an
effecuve method of b~~h conrrol were also excluded as were
panents who used any orhtr mecilcacion having a srirnulating
efi-ecr on neurorransmme~ release. Befort enrq mro the
srudy, electrocardiography ~ECGJ and blood examimrlons
(hematology, liver and rena! function) were pertormed. Pa-
uems with abnormaliues were nor eligsbic ior the srudy.

Informed consent was obcamed from al! paoencs before
being accepred inro the srxiy. The promcoi was approved
by the ErhicaJ Com.rmrree of rhe Free Uruversiry Hospmd,
Amsrerdarn.

Treatment

4-AP capsules 15 mg and 10 mg, and piacebo capsules (AvI-
cel ) were prepared by che hospmd pharmaceutical deparr-
mem. All patients were rreared with both 4-,\P and placebo
for 12 weeks, each according co a randomized. bouble-biind,
cross+ver study design. There was no wash our berween rhe
first and the second rrearmem period. Parienrs were exam-
ined ar &seourpaclenr cliruc (Free Univemiry Hospital, Am-
s[erdam) ar the wan of the treacrnenr (week 0) and ar weeks
2, 6, 12 (cross-over), 14, 18, and 24. The srarcing dose for
borh rreacmem periods was 10 co 15 @day m mvoto rhree
divided doses, which was elevared with 5 co 15 m~day ar
weeks 2 and 6, respectively, and weeks 14 and 18 up 10 a
maximum dose of 0.5 mgkg of body weight. The doses of
4-AP and placebo were derermmed on the bam of oecuning
effems or side effects. Compliance of the pazients was con-
crulled by counung capsules and measuring 4-AP serum

levels,

AJJflJ~t

Clinical assessments were made by means of rhe EDSS and
cite fursccionaisysrems (1%)(9]. In order so prevent inrerrarer
variahiliry, all parienrs were examined by the same blinded
physician (1-f.A. M. c. D.] durtng che course of r-hesrudy.
The EDSS and FS scores were obrained u weeks O, 2, 6, 12,
14, 18, and 24.

Visual acuiry (VA) and cotsrra.wsenslnviry (C.S)measure-
ments were used to evalware rhe optic funcrion. VA was
measured using r-he SneUen charr. CS was measured using
the conrrasr sensiriwry rest charr (VCTS 65&l ~iscech Con-
sulranrs, Inc, Dayton, OH]), as descriixci in deraii elsewhere
[ 10, 11]. VA and CS were mezsured before rhe starr of
trearmenr and ac rhe end of r-he irsc and second rrearmenc
penocs,

N side effecrs or concommm! dtseases k were encoun-
tered bv rhe pauenr were regsrered Re}.pses were docu-
mented.

To evaluate [he sublec~ve response of :he panenrs. a
5-~lnc nomlna.1sc~e ran~ng from * - CO - – U% A.

The pauenr wu asked to incicare O in case O( no :h.nge. -

or – in case of,J sllghr UT~rove.ment or jerenormon. and
- - or – — In :3se of a s]~%+ca-nrunprovezxnt m ciereno-
muon. respeca~e:r Sl_gru+cmrm.provernenr ~r Jerenorwmr

,-
~as Jennec as u. improve.=eq: cr Jetenorxion a7ar S1g?ti.-..
cmtlv mecre: [he ac::l-l:~es J:” Icrrnai Jtiv ire. Subleczve
resrmnses were :e~stemc u. me enc oi me Fl,rstano ~ne
second trearrnen~ penoc .J..<er :ne rirsr L-mcaenr penoc. :P.t

response of rhe patient U,U based on a sublecuve difference
bemveen week O and week 12, Afrer che second rreamnenc
period. rhe response of the patienr wu based on the subjec-
tive difference berween week 12 and week 24.

As neurophysioiogical parameters, visual evoked pc)ren-

uals (1’EPs I and eye movemenr registrations IE.MRs ) were
dererrruned and elecrroencephalography (EEGs pefiormed.
A derailed description of che d regssrmuon rechmques for
VEPS and E.YfRsin our labomro~ was ~ven by van Dongen
and coaurhors [ 12]. These re~srraraons were performed be-
fore rAe srarr of the creacrnem and ar the end of the nrsc
and second rreaonenc periods. Evaluation parameters were
krency and amplitude of the P1OO peak for rhe VEP and
saccadic latency, peak veiocicies of eye movements. and
smooch pursuit gain of the criricai frequency for rhe E.MR
The EEGs were recorded on a 16-channei Siemens Elema
machine (Siemens Elema AB, %k-rs~ Sweden I using rhe in-

rernarional 10-20 system of electrode placemenc with refer-

ential, source, and bipoiar montages (barsdwlch. -3 dB.
0.26–30.00 Hz). Hypemencilacion and phoric srimulauon

Were done roucineiy during recording of at Iezsr 20 minutes.
The EEGs were recorded before the was-rof L+e rreacmenr
and afrer 2 weeks of each r-rearmenr period, The EEGs were
scored by conventional visual inspection by an experienced
neurophysiologisr who was aware of the srudy protocol buc
unaware of r-heclinical hisco~ of rhe patient and rhe medica-
tion used.

Blood srudies (hetnogiobsn. wiuce blood eel! count, plare-
Iers, ur~ creatin.ine, coral prcsrein, alkaline phosphamse
[Ml, serum gluramic+xabaceric [SGOT’1, and glutarmc-
pvruvic Wansaminases (SGPTJ, gamma-gamma-giutamvl-
mansferme. Na -, and K-) were p+ormed before enrry mco
rhe srudy and ar weeks 2, 12, 14, and 24.

Efiag Parame!et-s

At che srarr of the u-id, we decided cha rhe p- analvsls
would invoive a Comptin of the EDSS xores. Borh the
numbers of patients showing a signticant EDSS change ( 1.0
pomr or more [13–1 5]) and dse mean changes in EDSS
scores ar the end of both rreacmenr perrods were co be evalu-
ared. Secondary evaltion pammerers were rhe sub)ecrsve
responses as indicared bv the paoent, rhe FS, rhe number of

~k~s. rhe results of the measurements of optic funcrron,
and the results of VEPS and EMU.

Responders co 4-AP were defined ~ patienrs WA either
a decrease of r-heEDSS of 1.0 psmr or more or a sigficnr

posmve subjecrsve response during rhe rrearmenr period WIrh

4-4P,

Prgfmce and Prediction

AC rhe end of the srudy. panerm were asice> ro Indicate
during wtuch period ot_ rreurnenr rhey felt berrer ~prefer-
ence! and during which period chev rhou_g.ht+-.APwas ac-

oulustered,prealc:ion I
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~+rravenous methyipredrusoione (SoIu-~Medrol. J x 500 mg I~-
vas installed were withdrawn from the study at the momenr

of the inirianon of the srerold admzniwracion,since the ~ara
co be obrazned &er this momenr were believed to & hI_ghly
influenced by che steroid crearmem.

Side effecrs and/or ronciq were evaluared m all pacrenrs
who enrered rhe study If pauenrs withdrew from the sr~dv
during rhe firs( period (i.e.. before che cross-over) and there-
fore did not emer the second period. only the side e-em
during the first wearmem periodcouldbe considered.I:pa-

tientswithdrewduring rhe second period, the side effecs of
both periods were evaJuated.

The analyses of ef%cacywere performed only in chose pa-
tients who complered at least 2 weeks of a treatment permcl.
This means char if parlenrs wirhdrew from the study dung
r.he first 2 weeks of [he first period, efficacy was nor ev.du-
azed. If parienu wlrhdrew from che study during che iirsr
period after at Ieasc 2 weeks of trearment, efficzy was ana-
lyzed for r.his period based on che dara obrained during the
Iasc visit for which rhe pacienr was still receiving rrearmenc.
If pariersts withdrew from the srudy during che (k 2 u-eeks
of the second period, only che efficacy results of [he FIrsc
period were anafyzed. If pauenr,.s wirhdrew from the srudy
durzng the second period afrer iu least 2 weeks of crearment,
efficacy was analyzed for both periods. Analyses for the sec-
ond period were based on the data obtained during the last
visit for which the paoenr sdl was receiving rreao-nem.

-.
‘utisticai tkuiysi~

*aUse of the crczssaver design, in order ro inrerprer cor-
rectly the results of the second rrearment period. it was nec-
essasy co invesrigare whether or nor the responses obse.wed
during zhis period were influenced by rhe medication grven
in the first period. Thus, we inveszsgared whether there wti
any residual effecr of 4-AP rhar persisred from the &sr ro
che second period. To resr hypotheses of zero residwd effect
of 4-AP, for each response variable sep-arardy, the SUZIMof
rise response for the firm and second creaanent periods were
compared between rhe rwo treacmem+rder groups by means
of the cwo-sampie / test or WiIcoxon’s rank-sum resr (in case
of nonnormali~). Following the recommendarson of Gruzle
[16], the hypothesis of ze~ residual effect w= tested ar a

significance level of 10$%.in rhe absence of a residual efi-~t
of 4-AP, co invesugare rhe effect of 4-AP, (he foilowuzg
merhod was used: Taking each variable separately, for each
subject the response observed u the first trticment permcl
was subcracred from rhas observed u rhe second p-mod. The
sarnplsng disuibunon for the 4-A P/placebo rreazmenr-oraer
group reflected the sysremarzc dewanon of 4-AP over pu-
cebo. wt. veas the samplmg dmr,bunon for the orner
treatment-order group reflected rhis same dewauon wlrk the

opposlre s~n. The hypotieslsof’no effectot’4-AP un?hes
cha the sampling dlsrnbuuons O( the mvo n-ezunenr+raer
groups are [he same.Hypothesesoi no efr-ec[were ces~ed

rwo-sided u a s[gruficmce !ev~l ot >~c u.wcg elche: ~o-
..—.

mpk ; rests or Wiicoxon s fXlk-SUm tests If {or 3 zven
.mable, rhe. - WLSewcienc: {or J resl~ti e.ffec: of+-.+? :ne
aruIvsIs wu rescncrec co [ne tiara 01 rhe nrst rremrrmn: ><-
nod. !n wnlch CH rne res~nses in the pucek .KIG --. J.?
memrnenr groups were comparec 3v eltne: rwo-safn?le .“:esrs
or Wiicoxon’s nnK-sum resrs

lle method of ana.lysIs of side effects was sudw to the

methw oudined above, except rhat responses are bl~
(presez: or nor present I rather than semiquanckative or quan-
utauvt .4 discussion of the analysis of binary dara in the
concexn of cross+ver tn.ais was given by Flelss [1”].

The ~ependency of bang a responder on pauersrs’ charac-
rerlsncs was reseed umng chi-square rests or Mantel’s ~esr
for a rsnd in a propemzon. To study the influence of such
characrertsrics, simultaneously logistic regression was used.

Results

Patibzi Popu&tion

Seven~ patients, 43 women arzd 27 men, entered che

trial. Tneir age ranged from 23 to 68 years (mean, 41.6

years: median, 41.0 years). The duration of disease

ranged From 2 months co 25 years (man, 86 months;

median. 72 months). The mean EDSS score was 5.0

(median, 5.5). A chronic progressive form of MS was
present in 52 paciencs (74. 37c ). Eighmen paziencs

(25. - < I had a relapsing-remirting form of the disease.
Based on anamnescic irzformazion, 67% of rhe paciencs
were re.mperarure sensitive and 23% were rsot (107

nor Ck-ar).

Medication

The mean daily dose of 4-AP administered u the end

of the rrearrnenr Pried was 31.2 mg (range, 10-50

mg, Cii\ided in two-four doses). The 4-APdoseper
Ic.dogramofkl~weigbrrangedfrom0.17ro0.55m~

Witbdrawafr

One pacierzt who was randomized withdrew from d-se
srudv before caking anv medication.

During r.he fsrsc creacment period, which was entered

by 69 pacierzcs, there were 6 withdrawals. Two paciencs
wirhdrew during the first week of the 4-AP creazmem

( 1 duerosubjtivesideeffecrs,1 duetoa sromacicis),
1 pazsenr wirhdrew after 4 weeks of 4-AP adtniniscra-

uon because of obscipacion, and 3 pacienr,s (2 during

placebo and 1 during 4-AP) were withdrawn from rhe

srud y kween week 6 and week 12 because of a dere-

rioracion of their clinical neurological status for wtuch
intravenous methylprechisolone was given. Subjective

side efkcrs and roxicIw du.nng che first creacmenr pe-

riod were evaiuared for all 69 paciencs who encerd Ir

(3+ recaving 4-AP, 35 receiving placebo). The evalua-

uon oi eficacy data u“as performed for the 67 parienrs

[32 receiving 4-.4P, 35 receiving piacebo) who com-
ple:ec u leasr 2 weeks of rreacment.

.\rrer the cross-over during rhe second creaanenr
;enoc. wn]ch aus enrered bv 63 pauents, there were
c w,:nG.~w& One pauenr wlchdrew uvciun ~;he nrsc

wets ;{ Lne +-.AP cr3.z7ment because of sublecuve slae
+=-M<-, -L.J...-.- ?auen[s wlchcirew ‘kxmveen weeks i S W-IC~+
cue :c j,u31ec7jve sitie eh-ecrs ! I pauenr on -1-AP anc

: pa:!e2c on pkcebc rxxrnenr, and 5 pauenrs were



wlchdrawn from rhe srudy berween weeks 14 and 18
(all placebo) because of a deterioration ~f rhe clinical
neurological srarus for which they were meared wirh
mrravenous methvlprednisolone. All 63 patients were
evaluated for side effects during the second trearmenr

period (33 receiving 4-AP, 30 receiving placebo). Effi-
cacy parameters were analyzed for those 62 ptienrs

(32 receiving 4-AP, 30 receiving placebo) who fm.ished
ar least 2 weeks of creacmem during rhis period.

In summary, a total of 6 patienrs withdrew because
of side effects (5 on 4-AP, I on placebo) and 6 @encs
were wirhdrawn because of intravenous steroid H-

menr (5 on placebo, 1 on 4-AP). A coral of 57 pacienrs

complered the srudy protocol.

~JfSJ~t Of Efica(y

There was a statistically significant estimated effect of

4-AP on rhe mean EDSS score after 2,6, and 12 weeks

of creaunenc, as is shown in Table 1. As shown in Table
2, rhe significant effect on the mean EDSS score holds

for rhe pacienr group rhar was first creased with 4-AP
as well as for the patient group that was first rreared

with placebo. In Table 3, the changes in EDSS scores
per ueacrnenr period are indicated for ail patients; there

Tab/e 1. Errimated Effuts of OraUj Adm:ni~cerd

4-Aminopyndint (4-API on the Expan&d Diwbi[ity Status

S& (EDSS)

Response Escimared Effecr 95% Con6dence -
Variable of 4-AP interval p Value

EDSS (afrer –O. 15 ( – 0.29, –0.00) 0.043
2 wk)

EDSS (afrer –0.24
6 wk)

(-0.38, –0.10) 0.001

EDSS (afrer -0.28 (–0.41, -0.16) 0.0001
12 Wit)

Tabh 2. The Mezn .Gpan&d Dtsabii:ty .SWUS Scak ~EDSSI

Scon and the Mean Change in EDSS (AEDSS~ afkr

TwtmenP

Weeks

O 2 6 12 14 18 ~.q

Tab& 3. Chzngr~ in tbe 6pan&d DisabiI1/y Sca[u~ Scaie=

4-AP Trearsnenc Period

~ Unchanged fl DrOpOUK Tor~

Placebo rre-amenr period

U 00 0
Unchan,& : 4! 22 53

tl 6 01 11
Dropour ;2 6
TocaI 10 51 ;: 70

‘For dl panens, rbe change during bosh rreaarsenr periods can be
derived from he cable,Bold numbers irsdicarerhe numbers of pa-
rienrswirh a dcanr change.

11 = z d~- in EDSSof I poinr or mote: n = an increase m
EDSS of 1 pmor or more; Unchanged = a change in EDSS of less
rhan 1 Wmc +-AP = 4-ansinopyridioe.

Tab& 4. Sukrrive Rc@onstt’

4-AP Treatment Period

-+ +/@- -- Missing Toml

Placebo rreamsem period
++ o 0 0
+/w– 11 3: 1 1 4;
-— 7 6 0 2 15
Missing o 1 1 3 5
Total 18 44 2 6 70

‘Forallpaoeocs, dse charge during IsodI ~1 periods can be
derived from rise u&. Bold oumbem indicam rhe numbers of pa-
cienrs wirh z s@ficMt change.
+ + . s~~r mprcsvemen~ + /(l - = 00 si@5Ca55rchanges;
--= sticmr impairment. 4-AP = 4-aminopyridisse.

was a significant ddYerence in favor of 4-AP trearrnem

(p < 0.05). This table illustrates that there was a sig-
nificant improvement on the EDSS in 10 patients dur-

ing the 4-AP period whereas & did not occur during

che placeb period. A significant incrtnse of the EDSS

score was registered in 3 patients during the 4-AP pe-

rid and in 11 pariencs during placebo creacmenc.

In Table 4, che coral number of subjective improve-

menrddecenoracions during the 4-AP and placebo

creacrnenr periods as reported by rhe parienrs is shown.

A significant irnprovemenr was reporred by 18 patients

during 4-N rrearmenr and by 1 paciem during placebo

rrean-nenr, wherein a signitlcant decenol arion was re-

porred by 2 pariems during 4-AP treatment and by 15
pauenrs dtig piacebo uearmenc (p < 0.05).

Concernhlg rhe FS, a significantimprovement was

found for rtie pyramidal funcnons (p < 0.01) after che
period WILi 4-AP creau-nent. No significant changes
were re-ms:ered for :he cerebella, brainsre.n. senso~-,

biadcier MIti kwe;, and cerebral funcnons.

There were no srmsucailv signi6canr changes in

4-A? = +-armnopvname

,.,- !!- .-. . . . . . .-,
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Tabh J. &rimared EffK;J of Orally .4dm:nismrd 4-Amzno~ rzd:nt 14-AP on Optic Fun:tton and ,%eump~ JloIogtcai ttj:;

. .

Esomared Effecr 95G Conlicience
Response Varmble Of 4-AP tnrervai p Value

Vis.lalacuiry’

OD — — 0.058
0s — — 0.399

Corm-w sensiviry

OD 0.26 {-0.56, l. O-) 0.551
0s -0.07

Visual evoked porencid
Latency (msec) OD -3.86
Amplitude (IAV) OD 0.58
Larency (msec) OS _ 3,76

Amplitude (LL.V)OS -0.28

Eye movement registration
Smooch pursuir eye movement

Gainb 0.14
Saccadic eye movemem

-0.95, 0,611 0.8-1

-6.9-, -0.-51 0.o1-
–0.08, 1.?5) 0.088
–7.13, -0.39) 0.030
–1.0-,0.51) 0486

(0.06, 0.2 j) 0.001

Latency “(msec) OD -1.95 (-7.76, 3.8-) 0.506
Vmax (d/s) OD abd 21,65 (- 1.50, 44.80) 0.068
Vmax (d/s) 0S abd 28.99 (-6.80, 64.--) 0113
Vmax (&S) OD addb 7-.50 (137.1, 141.291 0.019
Vmax (d/S) OS addb 131.38 (5-.15. 205.60, 0.001

%a$ed Onwiicoxon’s rank-sum resr because of noMorrnd data
bBased on cbe response of dK 6rst r.rearmenrperiod because of a restdud cffecr of 4-aminopyndine tp < 0.05 I.

OD = righr eye; OS = letl eye; Vmax = peak velocity; xid = adducn~ akd = &d-, d/s = degrees secood.

Relapses occurred in 1 patient during 4-APtrear-
mentandin4paciencsduringplaceborrearmenc.
Theresultsoftheneurophysiologicaiassessmentare

suuunwbedh Table5.A statisticallysQdkameffect
of4-APwasfoundfortheVEPIarenciesofbx.heyes,
whiletherewasnos@canr changeinVEP ampLi-
cude.TheEMR showedasrarisucallysignificanteffect
forthesmoothpursuitgainandtheaddutionpeak
velocitiesofbotheyes.

S~ E#ects and Tmicity
Side effects (TWe 6) were experienced during borh
tqearmenc periods by 10 pariems and during one of
kch by 44 patients (6 during placebo and 38 during
4-AP treatment, p < 0.0001). In general, these subjec-

tive side effecrs were repot-red ro be mild, although 14

patients (all on 4-AP crearrnent) needed a dose reduc-
tion and 4 ~ents (3 on 4-M, I on pkebo) withdrew

from the srudy beca~ of subjecuve side effects, Most

pacienrs reporred these side effecrs COoccur 30 to 4>
rn.mures after raking rhe medication, while they gener-
ally resolved wirhin 2 to 5 hours.

A number O( mc]den~ illnesses were observed.

Dursng the 4-AP rrearm~nr phase, the diagnoses were
~suris (2 ptien[s], SCOITMtitiS( 1 pauenr]. rrarmenr urO-

cana ( 1 pauen[), f~~e Oi a mem~~ bone f 1 pa-

nenr). a,n~ mkJe &5romlon ( I panenr~, Dunn.g he pia-

c?bo mearrnen[, [he &~oses were ~SUnS I 1 pauenr

=~na ot_ the &roar ( 1 paoenr). deep venous thrombc-

TaMe6. Snbjetnw Si& Ej$fects(Cortdmatiom uitbin

Patients Dii Ocrur}

No. of No. of
Subjecuve Parienrs during Ptiencs during
Side Effecrs 4-AP Permd Placebo Period

Total no. of patients 48 16
with side effects

Pareschesias and 15 10
dysesthesias
(ptYIOd, hands
and feet)

Dizziness 36 4
(li.ghr-hemkiness)

G-u Insrabllity 11 1
Namea (and 9 —

vonunng)

Resrkssnes5 and 4 —

uery

.4bdormnal p-am 5 —

Obsapaoon 1 —

Headache — i

4-AP = +amunop~ndmie

.,-. .-
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sis in che leg ( 1 @en[), and a fraccure of che cohn

of che hip ( 1 .3acienr). In ail these paciencs, the reacuon

co che inscaikd crexrnem was appropnace.

No epdepac firs were enccmncered. In 2 panencs,

signifscam changes in che EEG were found. In 1 pacienr

generalized spikes and spike uaves were recorded dur-
ing 4-AP cr-enr and in 1 a signihcanr increase in

temporal slow-wave acriviry was observed during pla-

cebo crearmem.

The blood cescs did nor show any signihcant efiecrs

of 4-AP on me hemacologicaL renal, and heparic pa-

rameters or tbe eleccrolyces (all d-p > 0.05). Abnor-
mal values in individual parienrs were always clinically

irrelevant anc Cransienr wichouc requiring changes in
che crearmem protocol.

Prtfmct and Pdic!ion
Of the 62 @encs who were able to compare che effi-
cacy in borh ~nods, 20 did nor have a preference.

Thirty-one ~ents preferred rhe 4-AP period and 11

preferred the placebo period (p c 0.01 ). Fo~-six pa-

tients (our of 62 ) cbought has cbey were able co predicK

in which of che cwo oml creumenr periods 4-AP was
given. For 41 patients, this prediction was correct and

for 5 it was IXIC(p < 0.0001).

R@odm to M.minopydine
Eighreen packnrs (29.5%) were chatzrerized M being

responders m 4-AP. The percentages of responden in

patienrs wish and Paciens wirlsoux subjective side ef-
fecrs duringrbe 4-APperiod wem mspecrively, 35.5%

and 33.3% (p = 1.0). Pa.riems with side efks dur-

ing both mmnenc periods were excluded from this

analysis

DiE&nces in parient *eriscics benveen che re-

sponders and rhe nonresponders co 4-AP were found

for a nuder of variables. Significantly more cespand-

ers had a longer ducaciooofdisease(responsemes
risingkm 7% forpadencswirha disease durarion
< 3 years co 46% for @ents witi a disease durzion

> 10 yam p < 0.05), had increased EDss scores

(response rams rising km O in pacienrs with an EDSS

score s 3.5 m 42% in &enE with an EDSS score

z 5.5, p = 0.01), had increased pyramidal funtion on

tie FS (p < 0.05), were in a chronic progressive form

of the & as compared co a relapsing-mmircing

form (respome rams 37% and 7%. respectively, p <
0.05), and were rernperarure sensmve as compared co
nomemperarum sensitive (response races of 58~c and
13PC, respecvely, p < O.0~ J, N-O s~cmr dti-er-

ences were fpund for age (p = 0.076): sex I; =
0.852); w c{ orxt fp = 0.329), progression coeti-
clentlp = O.1- 5); ma ce.re’beilar ,2 = 1.0). brams:e.m

p = 0.348). Sen.50m (p = 0.-99). and bixcie: L~u
‘bowel [p = 0.6-2 ri_mcnons on -he FS. Using !ogv+uc
regresson. &e “dumooc oi L* disease”ma “Ae‘:em.-

p-e.mrure sensiriviry of symptoms” were che mosr irn-
pommc prognosrsc t-acrors.

Discussion

The results of& randomized, double-bLind, placebo-

concrolled, cross-over study, in which &e EDSS was

che main evaluation parameter, demonscrme char 4-AP

is superior ro placebo and has a favorable effect on che

chabiliry of MS paciencs.

A significant difference concerning che mean EDSS

score of 0.28 point was found in favor of rhe 4-AP

period compared ro rhe piacebo period. This differ-

ence occurred i.rrespecrive of che crossaver design of
che cciai, as shown in Table 2. In both che placeld

4-AP and che 4-AP/placebo p-acienc groups, che EDSS

score decreased during 4-APand increased during pla-

cebo creacmenr-

Since changes in the EDSSarenorofequalimpor-
tance over irs whole range and since a difference of

0.28 EDSS poinr is clinically irrelevant (rhe smallesr
change chat the EDSS recognizes being 0.5 point), it

might & more appropriatetoanalyzechenumberof
pacieocscharshowedachangeof1.0pointormoreon
rbeEDSS.Mosterperrsagreechacachangeofasleast
1.0pointrepresents a sigdicam change in che concext
ofaclinical miaLthis change being indicative of an
imporram change in the disability of an MS patient
expressirqL for example, bemveen EDSS xores 5.0 and

6.0 cbe requirementof consrant assistance (cane,
crurd brace) co VA 100 to 200 m and lxnveen

EDSS scores 6.o and 7.0 the tierence berween being

able to walk (although requiring assistance) and being

es.senrially restricted co a wheelchair [9, 13–15]. A sig-

nificant decrease in EDSS scores was seen in IO pa-
rienrs (16.4%) during 4-AP creacment whereas it was

csoc seen during pIacebo trearrnenL A signihnr in-

crease in EDSS score was wxm in 3 paiencs (4.9Yc)
during che 4-AP period and in 11 pa.&nLs (18%) dw-

ing che placebo period. Of course, these dam are influ-

enced by che cross-over design of che srudy, since, for

example, in 4 patients an improvement during 4-AP

creacmem in che first period was followed by a dereri~
carion during placeb creacmenc in che second period

(probably t-dared co 4-AP withdrawal). Because of che
shon durarion of each crezmnenc period and because
of che cross+ver design, we refrained from analyzing

che tie co reach a significant change.

Our dara confirm rhe conclusion of Davis and col-
leagues [3] and Scefoski and sociaces [4] b or~y

zim.uusrered 4-AP can produce clinically impomnr
mprovernencs m MS jxuiencs,although tie percentage

of panencs showing sig-dicancimprovement ismuch

lower m Ou SLUdv TIMS nglI[ ac leasrin parebe due

:c ‘me i3cI k these authors used a rather uncofnrnon
wly CO MXSS &e de of ne~io~cd dvshncuon.

\{oror ~~on, ~SIOC ~d dornoror funcuon were



B. Chemical Name:

N-Methyl-2-(2-pyridyl)ethylarninedihydrochloride

C. Common Name:

Ger.,Egypt,Greece,Net~ Switz,U.K.Serc.*Seefileforvariousnamesindifferent
countries.

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

QualityAssayTot.base(%): 98.965

—-— E. Information about how the ingredient is supplied:

Whitetooffwhitecrystals,isodorless,ctystalsobtainfromalcohol

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Seipel,J.H.andMeyer,J.S.Dementia.J C/in.,IPharm. 1975; 15: 144& 1974; 14:280.

Tighilet,B.,Leonard,J.andLacour,M. Betahistinedihydrochloridetreatmentfacilitates
vestibularcompensationinthecat.Journal of Vestibular Research, 1995;5(l): 53-66.

Oostervald,W.J.Betahistinedihydrochlorideinthetreatmentofvertigoofperipheral
vestibularorigin.A double-blindplacebo-controlledstudy.Journal of Layngology &
Otology 1984; 98(l): 37-41.



—

Petermanq W. and Mulc~ G. Long-termtherapyofMeniere’sdisease.Comparisonof
theeffectsofbetahistinedihydrochlorideandhydrochlorothiazide.Fortschritte ukr
b4edizin, 1982; 100(10):431-435.

FraysSe,B.,Bebear,J.P.,andDubreiul,C. Betahistinedihydrochlorideversus flunarizine.
A double-blind study on recurrent vertigo with or without cochlear syndrome typical of
Meniere’s disease. Acts Oto-Laryngo/o~”ca, 1991:490 (Suppl): 1-10.

Pfdtq C. R. and Aoyagi, M. Calcium-entry blocker in the treatment of vestibular
disorders. Acts Oto-Luryngologica, 1988; 460 (Suppl): 135-142.

Oosterveld, W. J. Ef@ of betahistine dihydrochloride on induced vestibular nystagmus: a
double blind study. Clinical Otokzryngolo~, 1987; 12(2): 131-135.

H. Information about dosage forms used:

Scored tablets

I. Information about strength:

4mg in Canada
8mg in U. K.

J. Information about route of administration:

Orally

K Stability data:

Melting point: 152° C to 154 C
Incompatibilities:

Acids
Acid Chlorides
Acid Anhydrides
Oxidizing Agents

L. Formulations:

M. Miscellaneous Information:
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QUALITY CONTROL REPORT

CHEMICAL NAME. :BETAHISTINE DIHYDROCHLORIDE

MANUFACTURE LOT NO. :A011261301

sPECIFICATION

PHYSICAL TEST

TEST STANDARD.:usP tNF_t~RCK_@_Jcm- ‘pEcs”——

l)DESCRIPTION .:
/ ~H~llE TO OFF WHITE cRYsTALs; Is oJ)ORLESS, CRYSTALS OBTAIIJ FROM ~COHOLS

K

2)SOLUBILITY .:
SOLUBLE IN WATER, IN ALCOHOL, AND IN CHLOROFO~.

3)MELTING POINT.:
MELTS AT ABOUT 148-149 degree.

_za
4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
ABSOLUTION RESPONDS TO THE TEST FOR CHLORIDE.

I?AI LS .:PASSES. :

COM4ENTS .:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE .: INITIAL. :

RETEST .: DATE. : INITIAL. :



MATERIAI. SAFETY DATA SIIEET Page 1 of 5
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Use your web browser’s “Back” key to returu to previous topic

MATERIAL SAFETY DATA SHEET

2-(2-(Methylamino)ethy l)pyridine dihydrochloride 99%
32311

MSDS Name: 2-(2 -(Methylamino)ethy l)pyridine dihydroehloride 99%

Company Identification: Acres Organics N.V.

.—-..
One Reagent Lane
Fairlawn, NJ 07410

For information in North America, call: 800-ACROS-01
For emergencies in the US, call CHEMTREC:800-424-9300
For emergencies in the US, call CHEMTREC: 800-424-9300

**** SECTION 2 _ COMPOSITION, INJ?o~TIoN ON INGP,EJ’)IENTS ****

+----------------+--------------------------------------+----------+-----------+
I CM # I Chemical Name l% I EINECS# I
l---------------- l-------------------------------------- l---------- l-----------l

5579-84-O 12- (2-(methylamino) ethyl) pyridine 99 I 226-966-5 I
I I dihydrochloride 99% I I I
+----------------+--------------------------------------+----------+-----------+

**** SECTIoN 3 _ HAZARDS IDENTIFICATION ****

EMERGENCY OVERVIEW
Not available.
Appearance: faint yellow.
Not available.
Target Organs: None.

Potential Health Effects
The toxicological properties of this material have not been
investigated. Use appropriate procedures to prevent opportunities
for direct contact with the skin or eyes and to prevent inhalation.

**** SEcTION 4 - FIRsT AID M~lJRES ****

.--.

Eyes :
Flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid. Flush skin with plenty of soap and water for at
least 15 minutes while removing contaminated clothing and shoes.
Remove contaminated clothing and shoes.



MATERIAL SAFETY DATA SHEET Page 2 of 5
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Ingestion:
If victim is conscious and ale It, give 2-4 cupfuls of milk or water.
Get medical aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

**+* SECTION Cj . FIRE FIGHTING M~uREs ****

General Information:
k in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
may be generated by thermal decomposition or combustion.

Extinguishing Media:
Use agent most appropriate to extinguish fire.

Autoignition Temperature: Not available.
Flash Point: Not available.
NF’PA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Clean up spills immediately, observing precautions in the Protective
Equipment section.

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Avoid contact with eyes, skin, and clothing. Avoid
ingestioh and inhalation.

Storage:
Store in a cool, dry place. Keep container closed when not in use.

**** SECTION B _ EXPOSURE CONTROLS, PERSONAL PROTECTION ****

Engineering Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control airborne levels.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+

I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI
l-------------------- l ------------------- l------------------- l ----------------- I
I 2- (2- (methylamino) elnone listed Inone listed Inone listed
I thyl)pyridine I I I I
I dihydrochlor I i
I ide 99% I I I
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
2- (2- (methylamino) ethyl)pyridine dihydrochloride 99%:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :
Wear chemical goggles.

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to minimize
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contact with skin.
Respirators :

A respiratory protection program that meets OSHA’S 29
CFR !1910. 134 and ANSI 288.2 requirements must be
followed whenever workplace conditions warrant a

****

Physical State:
Appearance:
Odor :
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate;
Viscositv;

respirator’s use.

SECTION 9 - PHYSICAL AND

Not available.
faint yellow
Not available.
Not available.
Not available.
Not available.
Not available.
Not available.

CHEMICAI_ PROPERTIES ****

Boilinq ;oint: @ 760J).Qum HCI

Freezin /Meltin~Q d.1-lc
Decomposition Temperature: Not available.
Solub~lity: Not available.
Specific Gravity/Density: Not available.
Molecular Formula: c8H12N2.2HC1
Molecular Weight: 209.12

*+** SECTION 10 . CJT~ILITy MD REAcTIVITY ****

Chemical Stabilitv:
Stable under-normal te mperatures and pressures.

Concfitions to Avoid:
s. st~onci

Incompatibilities with Other Materials:
Not available.

Hazardous Decomposition Products:
Irritating and toxic fumes and gases.

Hazardous Polymerization: Not available.

**** SECTION 11 - ToxIccjLoG1f-+L lNFcj~TIoN ****

RTECS # :
CAS# 5579-84-O unlisted.

LD50/Lc50:
Not available.

Carcinogenicity:
2- (2- (methylamino) ethyl)pyridine dihydrochloride 99% -

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

**** SECTION 12 _ EcoLoGIc~ INFC)RMATION ***+

+**+ SEcTION 13 _ DISpOSAL CONSIDE~TIcINS ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCPA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCP.A F-Series: Not listed.
RCP.A P-Series: Not listed.
RCRA U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SECTION 14 _ TRANSpORT INFoRMATION ****

US DOT
No information available

IMO
Not regulated as a hazardous material.

IATA
Not regulated as a hazardous material.

RID/ADR
Not regulated as a hazardous material.

Canadian TDG
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MATERIAL SAFETY DATA SHEET

No information available.

**+* sECTION 15 _ REGU~TORy lNFO~TI~~ hh~~

US FEDERAL
T’SCA

CAS# 5579-84-O is not listed on the TSCA inventory.
It is for research and development use only.

Health & Safety Reporting List
None of the chemicals are on the Health & Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product axe under a Chemical Test Rule.

Section 12b
None of the chemicals are listed under TSCA Section 12b.

TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)

None of the chemicals in this material have an RQ.

Section 302 (TPQ)
None of the chemicals in this product have a TPQ.

Section 313
No chemicals are reportable under Section 313.

Clean Air Act:
This material does not contain any hazardous air
This material does not contain any Class 1 Ozone
This material does not contain any Class 2 Ozone

Clean Water Act:
None of the chemicals in this product are listed
Substances under the CWA.
None of the chemicals in this product are listed
Pollutants under the CWA.
None of the chemicals in this product are listed
under the CWA.

OSHA:

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

None of the chemicals in this product aIe considered highly hazardous
by OSHA.

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

cAs# 5579-84-o:
Canada

CAS# 5579-84-O is listed on Canada’s DSL/NDSL List.
WHMIS: Not available.
CAS# 5579-84-O is not listed on Canada’s Ingredient D.

Exposure Limits

**** SECTION 16 . ADDITIONAL INF()~TION ● ***

MSDS Creation Date: 2/28/1995 Revision #2 Date: 9/02/1997

sclosure L St .

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.

--------------------------------------------------------------------------------

Page40f5
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i, al.- deCIZ: Schlesinger er af., ifxd.

)um borohydride, but less volatile. Sp
,Ie. Sublimes at 91.3”. Dec above 1
Reacts vigorously with water, HCI

m Bromide. BeBrz; mol wt 168.82.
Prepn: Ehrlich in Handbook of Preps

Iitrry. TOL 1, G. Brauer, Ed. (Acadcn
2nd cd., 1963) p 891. Review of ber

Admn. Inoq. Chem. Radiachens ~

ystals, d 3.465. mp 506-5~ also j
11, km cit. SubIim~ a! 473”, bp 5~
Freely sol in water. By saturating d
with HBr, the tetrah ydrate is forma

{ridine (1 85,6 g/1), in ethyl bromide (1
Ion compounds with aminea, atcohd

n Carbide, CBez; mol wt 30.04. ~
NC. Prepn: Coobs, Koshu& ,

9, 115 (19S2); Mallett er aL ibicl 101
in Handbook of Prepamtive [rrorgtm

j. Brauer, Ed. (Academic Press, P%
) p 899.

iow-red octahedra, d 1.90, d= ~~
kc by water, somewhat faster by M
by alkafiea with the evolution of ~

[or core materral: Schwartz. US. pd
TSAEC).

;
Chloride. BeC1z; mol wt 79.92. &
Prepn from the elements: TaKUSR.

22 (1957k from BeO, Clz and C: ~j
Prepmwive Irrorgonic Chemisoy, d. L
iemLc-’?!~s, New York. 2nd cd., 1963
, ; -.= Cochran et .[.. Fed Pmrs.~
Jo fllium halides: BeIl, Adsux
lens t+, 255-332 (1972). 4
{ellow, very deliquesc, orthorhomti
s. Reported mp rangea from 399.T ss
!ercd to be the most reliable (Bell). @
Jcuo at 300’. d 1.90. Very SOIin watu
t; the aq soln is strongly acid. Sof @
inc. CSI. Insol in benzene, tolsrOssJ

#
xlinic deliquesc platelets, Has hem
HZO Scrrsersenko, Turova. RUSS 4
1965). LDW in guinea pigs, rata fJBS

Cochran), *
yllium. ,4rrhydruKs form used as a&f
ctions, similar to AICl,.

2
Fluoride. BeFl; mol wt 47.01. &
?repd by heating ammonium ffu~

Lebeau, Compt. Rend. 126, 1411
Handbook of Preparative Irrorg&
Brauer, Ed, (Academic Press, ~.
231. Review of prepn and pro-

BelL Advam ~rrc.rg. Own. Radioc*.

‘*
mass (tetragonal systern ). Tme @

wing about 80rT. Sublimes at IOW
the presence of beryllium. d: l.%
:U sparingly sol m alc: more SOIsst9
?n insoi in anhydr HF. ‘$

and Be alloys: manuf of gl-- ~

%
‘ormate. Forrrric acid beryllium &
)5. C 24,25%. f-f 2.04%, Be 9. lL%~

‘r’pn’ ‘sO”’ ‘ardt’ C“mpL ‘s
]ve 25tY to the baszc fomate, @-
@roes without melting at about Ha
3 by~ter. Practically msol io+
so! ?t pyndine, but on c

sJlI- % the soln. .

1211. Beryllium Hydride. BcH:;mol wt 11.03. &
~,727a, H lg.28%. Lower purity ma!erial prepd by treatmi
j,methylbefyllium with LiAIHc in ether: Barbaras ct a/., J
#m. Chem. *. 73, ?5g5 (1951); higher purity by pyroiysi:
,f di-/er[-but Yl~rYlllum: Comes. Glocking, J. Chem. SoC
,954, 2526; Head et al:, J Am. Chem. S& 79, 3687 ( 1957)
mm triphenyl phosphme and beryllium borohydride: Ban.
oral, Coat= ~. Chem. SOC. 1964, 5591.

White add. H%hcr purity material is inert to laboratory
ur. LOSSof ftyd,row at 19@2@ neghgible, nspid at 22w,
tracts S1OWIYwith water, rapsdfy sxlth dil tids. fnsol in
~her, to[uene. isopen tane. Reacts WIth diborane to form
~ilium Isorohydride.

1212. Beryllium Hydroxide. BeH Or moi Wt 43.o3.
k 20.957., H 4.6W0. O 74.37%. BeiOH\z Prepn: Ehrlich
1 Handbook Of Pmpamtiw Inorganic Chemutry. VOL 1, G.
trauer. m. (Acad~ic pr=. NCW YOrk. ~d ~.. 1963) P
94.
Amorphous po~der or CryStals. d 1.92. Amphomric.

‘cry slightly SOI m water and dil alkali. Sol in hot coned
/aOH soln and acids.
USE M~uf of beryllium and bcrylli urn oxide.

1213. Beryllium Iodide. BeI:: mol wt 262.82. Be
,43%, 1 %.5790. Prepn: Mesaerknecht, Biltz, Z Arrorg.
7wrs 148. 152 (1925); Ehrlich in Handbcak o/ Preparative
vorgonic Chemistry. Tel. 1, G. Brauer, Ed. (Academic
resa, New York. 2nd cd., 1963) P 892. Retiew of beryl -
um halides: Bell. Advsrrr.Inoq. Chem Radiocherrt 14,
55-332 (1972).
Needles, mp 48~, bp 48~. Very hydroscopic. Sublimes

I vacuo, Reacts violently with water, giving off HI. Ab-
lrbs ammonia. Dissolves in alcohols, m-nines, wrth the
rnration of additton compds. Keep ngh:/y c/osed

1214. Beryllium Nitrate. BeNjO~ mol wt 133.02. Be
77%, N 21.06%, O 72. 17%. Bc(NO Jr Prepn: Gmelin’s
wy{fium (8th cd.) 26. 102.104 (1930~.
Trihydrate, white to slightly ycflow. ddiquesc xyst mass.

IP’~ VCSY SO1 in water, ~cohol. Keep well cfosed in a
WIplace. LDSS i.p. in guinea pigs: 50 mglkg, Handbook OJ
bxicukrgy vol. 1, W, S. Spector. Ed. (Saunders, Philadel -
ha, 1956) pp 46-47.
USE: Stiffening mantles in gas and acely[eoc hrnps.

1215. Beryllium Nibide. Be3Xj mol wr 55.05. Be
9.11%, N 50.89%. Prepn: Ehrlich in Handbrwk of Prepam-
w Inorgomc Chemistry, TOI. 1, G. Brauer, Ed. (Academic
ress, New York, 2nd cd., 1963) p 898: f-angsdorf. Jr.. LJ~.
It. 2,567,Sltl(195I to USAEC),
White crystals to grayish wh]le ~wd~, mp 2200 .4tT.
olatile at bp, on further heating it dissociates into Be and
It Oxidixed in air at 6LW. Dec S1OWIYby water, q~ckly
Yacids and alkalies with the evolution of ammonia.

1216. Beryllium Oxide. Beryilia. BeO mol wt 2501.
e 36.03%, 0 63,97%, Prepn: Gmelin ‘S Beryllium (8th cd.)
f, 82-91 ( 1930); Ehrlich in Handbook of Prepomriw? frror-
lntc Chemistry, ?OL 1, G. Brauer, Ed. (Academic press.
Iew York, 2nd cd., 1963) p 893. Re.tew: L.illie. U.SAEC
~L 6457.23 DD (1961).
Light, am&ph& pow~er. mp 253~ Very sparingly SOI

I wa[er: slowly =,~1in cOncd a~ds or ~1”~ Of fi~~ aIkali
Ydromdes. After igoitio” it is almost insol k these sol-
mt.% F%rc (]00%) 9s0 insulates electrically like a cerarmc,
UtCOnd”Cts hat like a metal E]~~”~ reslstlvity 1ssohm-
~: > 101~. Dielcctnc const at 8.5 gsgacycl=: 6.57.
USE. M~uf of beryllium oxide cerarmca, ghs.s.s in nuclear

actor fuels and moderators; GItalySt fOr Orgamc reactions.

1217. Beryllium Perchlorate. BeCilO,; mol wt 207.9!.
~ 4 33%, CI 34. 10%, O 61.56%. f3e(C10,)l. prePrr: Gme-
~’s.Bt@/,um (8th cd. ) 26. 121 (1930).
Telrahydrale, Ve~ hygr~~~~picCrysAs. H&k ils water

(CryStn tenaaously. SOIYIn water: }48.6 g( 1~ ml

1218. BeVliium po~ium nuoride. Posamium terra.

‘Uoroberyllate. BcF4KZ. mol wt 163.20. Be 5.52&.. F
4567,K 47.91 -.. KJIcF4. Prcpn: Gmel[rr’s. Bery[I~um
kh cd.) z6, I 72 ( I 930), RCVIeW oi prcpn and propemes Of

Betalsiatine 1224

beryllium halides: Bell, Adwn. Irrorg. Chem. Radiachem.
14, 255-332 (1972).

Hard mas.acs. Sol in water, practically insol in ale.

1219. Beryllium Potwium Suifate. BcKZO,SZ; mol wt
279.34. Be 3.23%, K 27.99%, O 45.827., S 22.96%.. BeS04. -
K~Or Prepn: Gmefin’& l?ery//iurrr (8th cd) 26, 174 ( 1930).

Dihydrate, brilliant crystals. Sol in water, coned KZS04
solns; practically insol in sic.

USE: In chromium- and silver-plating.

1220. Beryllium Seletaate. BeO,Se; mol wt 151.97. Be
5.93%, O 42.1 l% se 51.96%. BeSeGo Prepn: Gmefirr’s.
Beryffium (8th cd.) 26, 144 (1930).

Tetrahydrate, orthorhombic crystals, d 2.03. Changes [o
the dlhydrate at I(W and becomes anhydr al 30&. Freely
sol in water; aq solns of beryllium selenate are good solvents
for beryllium oxide.

1221. Beryllium Sodium Fluoride. Sodium retraj/.Oru-
beqilate. BeF4Naz; mol wt 130.99. % 6. 8t3%, F 58.02%,
Na 35. 10%. Na2BeFr Prepn: Gmelin’s, Bery//ium (8th ed. ) ‘
26, 169 ( 1930). Review of prepn and properties of beryl-
lium halid- Bell, Advan. frtorg. Chem, Radimhem. 14,
255-332 (1972).

O~horhOmbic or monoclinic crystals. mp -350”. Sol m
water.

1222. Beryllium Sulfate. Be04S: mol WI 105.08. Be
8.58%. O 60.91 -., S 30.52?.. BeS04. Prepn: Gmelin’s.
Beryllium (8th est.) 26, 130-141 (1930). Toxici( y study
White et al. J. PhamracoL Exp. Ther. 102, 88 (195 l).

Tetrahydrate, crystals. d 1.71. At about 10tT loses
ZHZO. Very sol in water. Practically insol in ale. LDW i.v
m mice? 0,5 mg Be/kg (White).

1223. Beaipirdkne. ,V.pmPY[..V+pyridiny[- IH-indo[- 1-
mrine; l-(propyl-4-pyridy lamino)indoie. C16HI,N3; mol WI
251,33. C 76.46%, H 6.82%, N 16.72?.. Choiinomimetlc
sgerrt with noradrenergic activity. Prepn: R. C. Effland. 1
r. Kfein. Eur. pat. Appl. 287,982 (19E8 to Hoechst); idem er
zL. US. pat. 4,970,218 ( 1990 to Hoschst-Roussel); of hy -
irochlorid~ S Kongsamm et al., U.S. pat. 5,3 S6,910 ( 1994
10 Hoechst-Roussel). HPLC determn in plasma: R. S. HSU
?fuL,J Chromarcg. 572, 352 (1991). Mechanism of act]on
study: C. P. Smith et al.. Drug De,. Res 32, 13 ( 1994).
Pharmacokinetics: J. W. Hubbard er af. J. Cfirr. PAarrrraco/.
35, 688 (1995).

m\l\
Y

()’N-%/’=cH,1’
N/

Hydrochloride, C16Hi7Nr HCl, HP-749. Crystals from
methanol, mD 212-214,

Makste, C,,H,,N,. C,H,O,, crystals from methanol /ether,
mu 115-116”.

24. Betahiatitre. ,Wethyf-2-pytidineetltanamine: 2-
pyridine: [2.(2 -pyridyl)ethyl] methyl-

smine.’ CSH12NZ; mol wt 136.20. C 70.55%, H 8.88%. N
20.57%, Prcpn: Li5ffler, Ben 37, 161 (1 %34); Walrer et af.. J.
Am. Chem. SOC. 63, 2771 (1941).

(y’+%
b+’

Liquid. bp~ 113.114.. Soluble In water. alcohol. ether.
chloroform.

D!hydruchlonde. CgH,2Ny2HC1. Bero.rerc, Serc. Vasomo-
Iaf. Crysuds from ale. mp 148-149.

Maleare, CnH1zX:. C4H,0&, Suzutolon.

Consult (fse .Same Index bejom u.nng ttri.ssectwrr. Page 197



1616 Vasodilators

but it was suggested !hat bcnziodarortc should not be 9Z 13.q
used in gouty patients with thyroid irregularities.— J. P.
Camus ●f al., Revue Rhum. Mal. osr&arriculaires.

~
&tahis~&H drochlorid PT9& @

1973.40,148.pcrTkirapie. 1974, 29. 15. ~-(2 -pyrldyl)ethyammc dih>drcwhloridc.

Jmrudicc. The Commntec on Safety of Drugs had
‘C$H,:N*,2HC 1=209.1.

received reports of II cases of jaundice occurring in C.-ts — 5638 -76-6 (befohis:ine/: 5579-84-0
--mticnts being treated with bcnziodaronc (Cardivix).— (h~drochloride).

). A. Cabal (letter). Br med. J,, {964, 2. 882. Scrutiny A whitc or creamy-white. odourlcss. hydroscopic,
of Individual case histories and clinical dacs of the I I
cases of jaundice reprtcd above did not confirm that 6YY’%+1%

w~h a bitter taste. M.p. aboul

benziodaronc was rcspmsiblc. Two cases had features
y so u e in water; soluble in alcohol:

which suggested there might be a connection and
another case proved to be a carcinoma of the head o:
lhc pancreas. As \he specific cause was in doubt. Cardi.
via could no: bc cleared and the manufacturers had
withdrawn the drug from the market pending furihcr
in formation.— J, Vaicnurse et al., Fisons (Ictlcr), ibid,.
882.

Precxutkosss. Bcnziodarone should be gwcn only with
caution to patientx with icdine sensitwity and to paticntx
taking arsticoagulanrs.

lnrerwrions. For the cffccrs of bcnziodaronc on anti.

-gulanls. scc Ethyl Biscoumacctate, p.771, Phcn-
procoumon, p.774, and Warfarin sodium, p,778,

Abaorpzkoss and Fste. Benziodarone is absorbed from the
gasmo-intcs.tinal watt, II has been rcp.?rtcd that maxi-
mum concentrations in plasma occur about 6 hours after
a d-, bcnziodarone IS concentrated in the liver, Excre.
lion is mainly in the faccea and may be delayd hy
rcabaorpt ion.

Uaea. Bcnziodarone is a vascdilator which has &en used
in the prophylaxis of anglrta pectoris and after myocar-
dial in(arc[ ion.
Bcnziodarmre has a ISO been given [o dimtnish uricaemia
in gout.

Csrdiac disodcrs. Rcfcrcrrcea to the use of bcnz.
iodarone in angina pcctorIs: P. Dailhcu-Gcoffroy and J.
Nataf, Presst mid., 1961, 69, 971; P, Davies er al., Br.
med. J., 1963, 2. 359; S. Blake and D. Kcelan. J. Irish
med. Ass., 1964, 54. 42.

Hyperuricaemi& [n 59 paticrrra with gout (without renal

= ‘-l~uli and with a blood-urea concentration not cxcced-
“1 mg per ml) serum-uric acid concentrations were
,ccd. in ail except one. to leas than 70 gg per ml

after treatment with bcnziodarorre 300 mg daily, [bough
the effects on blood concentrations and cbarancc of

practically ‘insoluble in chloroform and ether
Store in airtight cotttairrcrs. Protect from light.

Adverse Eflects. Nausea. headache. and
exacerbation of peptic ulcer have been reported.

Treatment of Adverse Effects. In thc cisse of
severe ovcrdosage the stomach should be emptied
by aspiration and Iavagc. If necessary the
circulation should be maintained by infusion of
suitzble electrolyte solutions. The vasodilator
effect of betahistine is stated to be inhibited by
antlhistamims

Precautiorss. Betahistinc hydrochloride should be
given with care to patienta with asthma, peptic
ulcer or a history of peptic ulcer. It should not
be given to patients with phaeochromocytoma, It
has been suggested ~hat it should not bc given
concomitantly with antihistamines.

Absorption and Fate. Be[ahistine hydrochloride is
readily absorbed from the gastro-mtestinai tract.
It is convertd to 2 mctaboli[es and peak concen-
trations in blood of the 2 metabolizes are
achicvcd within 3 to 5 hours. Most of a dose is
excreted in the urine. in the form of the met.
abolitcs, in about 3 days,

Uses. Bctahistine hydrochloride is an,-u~o~
histamine and is~med [O hrrpovruhe .ITMSLQ-._ -. ....
CiF6iilauon. R. IS used to rcducc the frequency of

‘%~~~of dizziness in some patients with
~ is S mR thrice

aily taken prefer~blv with n@x not more than
~ mg should_& ~ n in any onc day.. f3ctahis-
tinc has also been u~- the trca!mcnt of——
Ktstamlnc treaaacfle.

Bedrore$. In a study in 18 elderly rzaticrrts with decubi.
1sss ulcers, 9 t Id-for about 3 rnomhs with bctahisunc

tablets c m 4 u cccl cd S
urea were variable. Side-effects included weakness (I 1 e I USC lrCal!Zd wit: pla!&~l/
patients), rcatlcas legs (2), dizziness ( l). and impotcncc E?W~~. 2~mmcni
(2).— A. Ryckewaert e! af., The+opeutique, 1971. 47. that similar results might follow the ~ppiication of local

371. per Abstr. W/d Med., 1971, 45, 772. heat alone or combined with hydrotherapy.— M. R.
Sather eI al.. Drug Irrrel/. & clin. Pharm., 1977, I/,

In 40 ostierrts with hyocrtcnsion and normal renal fune. I~~
tion m&sn initial scrurn-urtc acid concentraIlons of 62 ~g ‘“-”

Dcnsemia Studiex into the role of bctahistme in
per ml rose rapidly after commencing treatment wwh
diuretics-usually (hiazldcs-reachlrrg a mean of 88 ~&

“*d. ,,

rtericmclcrosis and dcmcntla: J. H. I and J. E.
floam. J clisr. Pharmac., 1975 I 144; J, Sci et

per ml: lhc concentration felt to normal m all but I
patiem within a week of bang given Ixrrzmdaronc ICO $’F&i H_L~i4t3, ““
10 200 mg daily, lhe mean value after 4.5 months being Head-he. Ninety-three of 160 paocntx, most O( whom
53 rig per ml. MOSI of 1I patients wi!h impaired renal suffered from headache of varied cause, were imprwed
function also recelvcd benefit.— G. Lagruc et af., after treatment with bcrahistine hydrochloride. 2 (
Presse m~d., 1971, 79.849, per AbsIr. W/d Med.. 1971, 25 m dail
4s, 750. ~-IZl ~liZ~2.’~~. f92%f??Y%%?

Proprferary ?dames
with bixcamirre headache, 105 obtalncd relief after lrcat-
mem w[th bctahistme hydrochlor~dc. 2 to 25 mg daily.—

Ampliacor (RB.S Pharma, lta/.); Amplivix (Lrba:. Belg,; B. T. Honon, ibid.. 713,
hbaz, Fr.; Sigmalau, Ital.; L.nba:, ,Seih.: Lnbaz,
Swirz, ); Bccu maron (Riedel. Arg, I; Coronal (Crrrros

~~ni~z’s ,dis:asc. Reports and siudicz on bctah,stlm

Dilaf”ran&rrzed .A.J, ;966. 196, 187; D, M L~n. Med.,
hydrochlon e in Memerc’s dmasc: J. C. Elia. J, Am

Ital. /; Dilacoron (Sicrochimica, [to[.);
(Ldsa:, Sfsa/tr/; Plcxocardio (Berrvegrra, {fal.); Uricor 1967. 74 (Apr.), 63: s. Bu&ln. ibid,
(Raw::a. Ital.).

4TOct,],41:J.

w, 197,,9,41: R
icks r al., Archs Otolar. 1967. 86. 61 O; Drrcs &

tircvr~oscope,
Sr f.ow$, 197!, SO, 889; I. J ‘
kfcnom PoszErmf rrrtd Jr~Ts
and G. Y. Mcnon. J br 0101., 1976. W, 833; Drug &

9Z12.g />h.r 8./(, 1981. /9, 17 ,+

Benzyl Nicotinate.
C,lH,, NO:=213.2.

C,4S — 94-444

&.icr oaer ;/ra/, ); Pyritylulon, Remark. Riptonifl
mcsyirrte) tail Jap /: Sinmcnier [Spain/; SuzotoiT

Tcnyl-D (bmh mesykstcl h[h Jrsp. ): Vasomotal (Gcr.h
UWla[ (~ug J,

9214-p

Buphenine Hydrochloride. NylidrirtHydr~
chloride (U.S.P. L Nyiidrinium Chloride. 1-(4-
Hydroxyphenyl)-2 -(1-mcthyi-3-phcnyl-
propylamino)propart- I -01 hydrochloride,
C19H15NO:,HCI =335.9.

CA.S — 447-41-6 (bupheriinej: 849-S5-8 (hydr&
ch[oride).

Phorrrsrzcopc+ias. In US

An odourless, white. crystalline powder. Solublt I
in 65 of water and I in 40 of alcohol; slightly
soluble in chloroform and ether. A l% solution in
water has a pH of 4.5 to 65. Store in airtight
containers.

Adverse Effects. Buphenine hydrochloride maY

CaUSC rususm and vomiting. trembling, ncrvoua.
ness, weakness, dizziness. xnd palpitations.

Treatment of Adverse Effects. In scvcrc over.
dosage the stomach should be cmp~ied by aspira.
tion and Iawtge. If necessary. the circulation
should be maintained with infusions of suitable
elcctroiy[cs.

Precautions. Buphcnirre hydrochloride is contra.
indicutcd in p~!ients with mywardial infarction,
hyperthyroidism. paroxysm~l ~achycordia, or
severe angina pectoris.

Absorption and Fate. Buphcrtinc h,ydrochloridc is
readily absorbed from the gas[ro-~ntcstinal tract
its effect begins in isbout 10 minutes, reaches a
maximum in ~bout 30 minutes. ~nd lasts for
about 2 hours.
lrwcx[igations In dt,gs indicawd thtt buphenine u
excreted in Lhc unnc as the free base and ![s glucuro-
nide.— Ii. Li and P Ccrvont. ; pharm. SLi.. 19?6. 65,
t352.

Uses. Bupheninc produces the effects of beta-
adrenoceptor sttmulotlon. 1( is reported to
increase Peripheral blood flow mainly by direct
action on the arteries and arterioles of the skele-
tal muscles. It has little effect on the vessels of
[he skin.
Buphcninc has been used in the treatment of
peripheral vascular disease,
It has also been used in the treatment of
M6rtitirc’s disease ~nd other disorders of the
internal car.
The usual ini[ial dose of buphenlne hydrochloride
is 6 mg by mouth thrice dally, which may be
increased to 36 or 48 mg daily in divided doses,
if necessary. It has also been given by Subcu-
taneous or intramuscular injection.

Dca@ss. For the usc of buphenlnc hydrwhloride in
perceptive deafness. see T. J. Wilmot and J. C. Sey-
mour, Lancer, 1960. /, 1098.

Dcmcntita A study of buphcrrine in elderly pat!cnts with
cognitive, emotional. md physical lmpairmcnt,— S. E.
Goldstein and F. Birnbom. J clin. Psych~ar 1979, 4(3,
520.

Prriphcral V4SSWLVdisea$c. On Ihe bass of studies by
F.S. Caliva er u/ (.4rn. J nred Sc, 1959. 2]8, 174). S.
.Zeltcrqum (Acts med. scarrd., 1968, IS-I, 487), and
H.L, Karpman am R. Okun IGcnaIrIcs. {972. 27. 101)
there IS no !ndtcatmn for the use of buphen,ne i“ pcri-
oherai vascular discmcs. - J D Coffmzn, .Vew Engl. J.
~Wed.. 1979, 300, 71j.

Premarurr labour. Stud,cs of !wpncninc ,n the prevcn-
tton of premature !abour. O CJstrcn er al . .4cra obcret.
fynec ~cand 1975, f< 05: K. S Koh, Can med. AsJ.
J 1976. 114, 700. R Richter. .lm J Ob$;rr. Gvnec.,
1977. /?7 482.

Preparations
Nylidrin Hydrochloride lnjec non L 5 ,S \ ,wnce >Olu-
c,(>,Idi buohcntne htor.oczlorlac n U a[cr ior ln~ect, ens.

\
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Serax (cofrr’d) AdverxeEffects: Occasionalpat!entshaveexperiencedgastric
uoset,nauseaand heatlacne

r-’,

and coma may ensue Fataiitres rarely occur except when
Dosage: Usual adult dosage has been 4 to 8

other drugs. alcohol or aggravafmgfactors are mvloved. Hype.
%ns~D$~~ e’sh~~~~ed as ‘eeoed tolens!on and respiratory depressions are not found frequently o oed~ rda &

[mum recommended dallydosage IS 32 mg
unless omer orugs have been assoctaled.

Treatment There is no specific antrdote. Gastric
_- Iavage performed early after mgestlon of the drug may be

- henefrclal Managemem conststs of supoorfive measuresand
:Iose superwsion and monitoring Cardiovascular and CNS
strmulancsmaybe used, if necessary.Afthough oxazepamhas
a relatwely long half-life, the use of dialyws is of question.
able value.

Dosage: The dosage must be individualized and carehrlly
titratedIn orderto avoidexces.?Jvesedationor mental and
motor impairment.

As with other anxrofytic sedatives, short courses of treaf-
ment should usually be the mle for the symptomatic relief of
disabling anxiety in psychonaumtic patients and the inifid
course of treatment should not last longer than 1 weekwithout
reassessment of the need for a fimited extension, Initially, not
more than 1 week’s supply of the drug shoufd be provided
and automatic prescriptmn renewals should not be allowed.
Subsequent prescriptions, tien required, should be hmited to
short courses of therapy.

The aduff dosage is 30 to 120 mg daily, in divided doses,
according to severity of symptoms and patient res$onse. lrri-
tlale treatment by lower dose and incre= gradually.
Elderty and debilitated patients. The recommended dosage is
5 mg once or twice daily, aa tolerated. Initiate treatment
always by the loweat dose and increase gradually as needed
and tolerated.

Supplied: 10 mg: Each light yellow, scored Titradose tablet,
Imprinted SEftAX and 10, contains’ oxazepam 10 MST.Norrme-
dlcmal ingredients: DSCYellow No. 10 Aluminum Lake, FD&C
Yellow No. 6 Aluminum Lake, factose, magnesrum stearale,
mrcroctystalhne cellulose and @acrilin potassium. Energy:
2.97 k.1 (0.71 kcal). Gluten- and tartrazine-free. Bottles
of 100 and 500

15 mg: Each yeltow, scoredTnradosetablet, imprinted SEFWX
and t 5, contains’ oxazepam15 mg. Nonmedicinal ingredients’
D&CYellow No. t O Aluminum Lake, FD&CYellow No. 6 AhI-
mmum Lake lactose, magnesium stearale, micmcystalline
cellulose and polacrihnpotassium. Energy: 2.85 kJ (0.66 kcal).

~__Gluten- and tartrazine-free. Bottles of 100 and 93rl

Umg: Each peach. scored Titradosetablet, Imprmted SEF!AX
and 30, contains: oxazepam30 mg. Nonmedicinal ingredients:
FD&CYellow No 6 Aluminum Lake, lactose, magneswm stea-
rale, mtcrocrysfallme cellulose and pdacrilin potassmm.
Energy. 2.64 kJ (0.63 kcal) Gluten-and tartrazrne-free.Bottles
of 100 and 5Q0

(Shownm ProductRecognil/onSection)

Antjvertigo

Pharmacology Pafhologlcally, the attacks of vertigo associ-
ated with Merw%e’sdweaseare associated with an accumula-
tion of fluid in the membranous Iabynnth of the inner ear
(endolymphatic hydrops), and an increase in endolymph pres.
sure. It IS less helpful against the progressive decrease in
hearing acuity Information on absorption, metabohsm and
excretion of betahistme is not available. Ammal reproductive
studies have not shown any adverse effects.

Indications: May be of value in reducing the episodes of ver-
tigo in Meniere’s disease. No claim is made for the effectwe.
ness of betahlstme m the symptomatic treatment of any form
of vertigo other than !hat associatedwith Menibre’s disease.

Contraindications: Not 10 be admimstered to patients with
actwe peptic ulcer or a h!story of this condition, pheochromo-
cytoma.
Children: Not recommended for use m ch!ldren.

Precautions: Caut!on should be exercmed if betah!stine IS
admmstered to patients with bronchial asthma. Be!ah!stme
should not be used concurrently with antihmtamm!cagents.

_~re~nancy and Lacratlon Sale use of betahisfine during Dreg-
?n;y or”lactatlon, or m women of childbearing age has not ‘

\ ~et been es!abl!shed

~

, engraved wth ‘umme--~n%e%~:
Suppfied: Each round. wm

HCI4 m Nonmedicina! mgredlents: com arc FD&C ed
ti::~r~:.m~and pu~~eo~ihca. Glu~n

an

I (Shownm ProductRecogmtionSection)

I
! SERENTIL” ❑

/ Ncwczrtis

Mesoridazine Besylate
Antipsychm”c

Pharmacology Pharmacological studies m laborato~ ammals
have establishedthat mesoridazmehas a spectrum of pharma-
cological activitycomparable to thionds?ine, except that its
effects, other than cataleptic which is weaker, are more pro-
nounced

Foflowingoral administration, mesorfdazineis well absorbed
with peak blood levels occurring at 4 hours.

Approximately 30 to 40% of a dose IS recovered m the
, ,unne and 25 to 30% is recovered in the feces, even after

I.m. admimstrafion

Incficafions The treatmenf of both the acute and chronic
states of schizophrenia: organic brain syndrome and mental

] retardation associatedwith psychotic symptoms or where Psy-
, chomotor disturbances are predommant; treatment of some
, patients with symptoms of alcohol withdrawal

I Contraindications: Severe CNSdepression, comatose states,
I blood dyscrasias bone marrow depression, liver damage,

hypersensitwity to mesondazrne; cross sensitivrfy to other
phenothwrrres may occur Hypertension or hypotensive bean

I disease of exlreme degree.

I Precautions Occupational Hazards Where paoents are partic-
, Ipating in actitmes requmng complete mental alertness
I (e.g. driwrrg) it IS adwsable to admmister the phenothiazine
i cautiously and to increase tne dosage gradually

Aftentlon should be paid to the fact that phenothlazrnes
are capable of po!enhatmg CNSdepressants (e.g. anesthetics,

I analgesics, hypnottcs, antlhlstammes, opiates, alcohol, etc.)
, as well as atropme and phosphorus insecticides. They may
; also patenhate qumldme’s mhlblto~ effect on cardiac contrac-
t tihty
\ Snce ocular plgmentary changes have been reported with
, phenothtazmes of the plpendme class the possibdly of thts

~ Side effect Cannelbe excluded
I Prolongation of the OT mlerval, flattemng and mverslon of
~ lhe T wave and appearance of a wave tentatwely identlfted as
~ a bifid T or a U wave have been observed m some patients chanoes (see Precautions).

: recewmg phenothlazme tranquihzers, including mesorrdazme
I These changes appear to Dereversible and related to a dlstur.
1 bance in repolanzatlon Mesoridazme should be gwen with

caution to patients with heart dwease.
( Leukopema, granulocyropema and/or agranulocytosts have
~ been reported following phenothlazinetherapy The possibility
: of the occurrence of blood dyscrasla cannot, therefore be
1 ruled out. Therefore, patients should be observed for any signs
, or symptoms of blood dyscrasla 11is also advlsab!eto perform
~ regular blood counts, particularly during the hrsl 2 or

3 months of therapy and on Ihe appearance oi SUSPICIOUS
I climcal signs
I Hypotens,on, wh!ch ISTypicallyorthostahc, mayoccurespe-
! clally m the elderfy and m alcoholic patients with either dosage
[ form, Assumption of the head down supine position will oral!.

~ narily bring the blood pressure back to normal On rare occa-
~ sions, and more so after parenteral administratlo!i of the drug,
i prolonged and severe hyoolenslon may occur, requmng the

use of vasopressors I (e administration of epmephrlne should
; be avo!ded in the treatmenl of phenothlazrneInduced hypotem

slon m view of the iac! that phenofhmzmes may reduce a
reverse epmephnne effect and aggravate the hyootenslon.
Pregnancyand Lac/al/on Safe use of mesoridazmem human
pregnancy has nol been estabhshed Therefore. il should not
be administered to women of childbearing polentlal uarflcu-
Iarfy during the flrsl trimester of pregnancy, unless fhe
expected benefit to the patient outwe!ghs the potent!al nsk to The phys!ctan should therefore be alerted to the possible
the fetus Mesortdazmemay appear m human breas~mdk. ! development of “silent pneumonias”.

Adverse Efte~ Drotiness and hypotensiort aretheM
prevalent adverse effects encountered. sedation, fWlK4ansron
and ofher autonomic effects tend to occur more frequently
early m me treatment or when mibal hqh doses areused.

When these reactions occur they can usually be controlled
by a reduchon m dosage. In mild cases Of hypotension, the
head down posrtron may oe adequate. In severe cases of
hypotenston, a pressor agem such as Ievartererrol b~rtra!e
may be used. Epinephnne snould not be administered, since
it may result in a further f~l of blcmdpressure.

The Iollowmg adverse reactions have been reportedwith
phenothlazmederivatives and may occur With mesoriddre:
Behavioral reactions: oversadation; impaired psychomotor
functron; paradoxical effects, such as agitation, excitement,
insomnia, bizarre dreams, aggravabon of psychotic symp.
toms: and toxic confusional states.
CNS: extrapyramidal reacdorrs, including Partdnaonism (with
motor retardation, rigidity, rnaskfikefacies, tremor, salivation,
etc.); dystonic reacfrons(includingfacial grtmaang, tics, torfi-
collis, oculogyic cnsea, etc.); and akafhisia. Persistent dyslo-
nesias resistant to treatment have atso been reported. In
addtion, slowing of EEG, disturbed body temperature, and
Iowerfng of me convulsive lhreshold have occurred.

Tardive dysfdnesia may appear in some patients on long
term anfipsychotic therapy or may appearafterdrugtherapy
has been dmcontirnaed,The nsk appeam 10 Jse greater m
elderly patients on highdose therapy, especially females. The
symptoms are persistent and in some patients appear to be
irreversible, The syndrome IS characterized by rhythmical
involuntary mwernents of the tongue, face, mouth or jaw
(e.g. protrusion of tongue, puffing of cheeks, puckering of
mouth, chewing movements). Sometimes these may be
accompanied by involuntary movements of extremities.

There is no known effectrvetreatment for tardive dyskinesia
ant!parkmsonianagents usually do not alleviatethe symptoms
of tfws syndrome. All antipsychotic agents should be discon-
tinued if these symptoms appear. Should it be necessa~ to
reinstitute treatment, or increasethe dosage of the agent, or
switch to a different antipsychofic agent, the syndrome may
be masked. The physician may be able to reduce the risk of
this syndrome by mimmizmgthe unnecessaryuse of neurolep
tics and reducing the dose or discontinuing the drug, if POS.
sible, wfren manifestations of this syndrome are recognized,
particularly m patients over the age of 50. Fine vermicular
movements of the tongue may be an earfy sign of the syrr.
drome. If the medication m stopped at that time, the syndrome
may not develop.
Autonomic nervous system: dry mouth, fainting, stuffy nose,
photophobia, blurred vision, mlosis.
Gastrointesbnal: anorexia, increased appetite, gastric irrffa.
bon, nausea, vomiting, consupafion, paralytic ileus.
Endocrine system” altered Iibldo, menstrual irregularities, Iac.
tation, false positive pregnancy tests, inhibition of ejaculation.
gynecomastta, wetght gain.
SkIn. itching, rash, hypertrophic papillaeof the tongue, anglo-
neurobc edema, erythema, extokatwe dermatitis, contact der.
mafibs
Cardiovascular effects hypotension, tachycardla, ECG

Bloo~ dyscrasias” agrarrulocytosrs, Ieukopema, granulocyto-
pema, eosmophilia, thrombocytopema, anemia, aplastc
anemia, pancytopema.
Ailerglc reactions fever, la~ngeal edema, angioneurotic
edema, asthma.
Hepatotoxlcity jaundice, bihary stasm
Urinary dlslurbances: refentlon, incontinence.
Abnormal ptgmentafron: more recently, a peculiar skin-eye
syndrome has been recogmzedas an adverse effect followrng
long-term treatment with phenothmzines, This reaction IS
marked by progressive pigmentation of areas of skin or con-
juncttva and/or dlscolorabon of the exposed sclem and cornea.
Opacitiesof the antenor lens and cornea described as irregular
OrS.tellatem shape have also been reporled Although retrnal
pigmentation has not been observed with mesoridazine.
patients receiving higher doses of mesoridazinefor prolonged
periods should have penodlc complete eye examinations
Miscellaneous: Unexpected and sudden deaths have been
reported m hospitalized psychotic patients receiwng phenothi.
Szines.h some unexpected deaths, myocardial Iewons haVe
been observed. Previous brain damage or seizures may also
be predmposmg factors: high doses should be avoided in
known seizure patients. Severalpahents have shown sudden
exacerbations of psychottc behawor patterns shortly before
death Autopsy fmdmgs have also revealed acute fulmmatin9
pneumoma or pneumonitls and asplrafion of gastric contents.

I Copyrfgh: C “598 Cmadfan Pharmacfsrs Aswciafrw All r(gnfs feservec
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Tighilet B. Leonard J. Lacour M.
Title
Betahistine dihydrochloride treatment facilitates
vestibular compensation in the cat.
Source
Journal of Vestibular Research. 5(1) :53-66, 1995 Jan-Feb.

Abstract
Unilateral lesion of the vestibular system induces
posturo-locomotor deficits that are compensated for with
time. Drug therapy is currently used to improve the
recovery process and to facilitate vestibular compensation.
Betahistine dihydrochloride is an histamine-like substance
that has been employed in vestibular pathology; it was
found effective in many forms of vertigo and in
vestibular-related syndromes. Investigations performed in
animal models have shown betahistine-induced neuronal
modulations in the vestibular nuclei complex and
interactions with the HI and H3 histamine receptors.
Potentially, this substance is therefore capable to
interfere with some recovery mechanisms and to improve the
behavioral adaptations. But there is at present a total
lack of data concerning the influence of betahistine
treatment on vestibular compensation in animal models. The
aim of this study was to understand the pharmacological
activity of betahistine in the restoration of posture and
locomotor balance functions in unilateral vestibular
neurectomized cats. Posture recovery was assessed by
quantifying the surface reaction of the cat’s support as
measured while standing erect on its four legs, at rest.
Locomotor balance recovery was determined using the
rotating beam test, by measuring the maximal performance
(max. P.) of the cat and its locomotion speed regulation
during the postoperative time period. We have compared the
recovery profile and time course of these static (posture)
and dynamic (equilibrium) functions in three groups of
cats. Two experimental groups were treated at daily doses

of 50 mg/kg and 100 mg/kg, respectively. Betahistine
dihydrochloride was given orally until complete recovery of
posturolocomotor functions. One untreated control group
served as the reference. Results showed that postoperative
treatment strongly accelerated the recovery process in both
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-.,_-— treated groups, inducing a time benefit of around 2 weeks
as compared to the controls. Maximum performance of the
cats on the rotating beam as well as locomotion speed
regulation were highly correlated to the postoperative
development of the cat’s support surface, indicating that
compensation of the static vestibulospinal deficits
conditioned the subsequent locomotor balance recovery.
These behavioral data showed that betahistine
dihydrochloride constitutes a useful drug therapy for the
symptomatic treatment of central vestibular disorders in
our animal model of unilateral vestibular lesion.
Improvement of vestibular compensation under betahistine
postoperative treatment, as evidenced here for the posture
and locomotor balance functions, is discussed both in terms

of aspecific effect (histamine-induced increase of the
level of vigilance) or more direct action in the vestibular
nuclei (histamine-induced rebalance of neuronal activity on
both sides) .
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Betahistine dihydrochloride in the treatment of vertigo of

peripheral vest~bular origin. A double-blind
placebo-controlled study.

Source
Journal of Laryngology & Otology. 98(1):37-41, 1984 Jan.

Abstract
A double-blind, cross-over, placebo-controlled study of
betahistine dihydrochloride (12 mg, t.i.d.) was carried out
in patients with vertigo of peripheral vestibular origin.
Twenty-four patients completed the study, which consisted
of two six-week treatment periods. The patients were

diagnosed as suffering from Meniere’s disease (15
patients) , vertigo due to other (specified) causes (five
patients) , or vertigo of unknown origin (four patients) .
Patients were examined by the investigator at the start of
the study and were re-assessed at three-weekly intervals.
In addition, they recorded the nature, frequency and
severity of their symptoms on diary cards. Both the
incidence and severity of dizziness (the predominant
presenting complaint) were found to be significantly

reduced during betahistine treatment (p = 0.004) . The
occurrence of nausea and vomiting was also significantly
reduced during betahistine treatment (p = 0.014 and 0.036
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..-— -.. respectively) . There were no statistically significant

differences in the results of audiometric or
vestibulometric tests, or in the severity of tinnitus or
deafness, between the two treatment periods. The overall
comparisons of the two periods made by both the patients
and the investigator were significantly in favour of
betahistine (p less than 0.001). All diagnostic groups
responded favorably to betahistine, confirming the
efficacy of betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwanted signs or
symptoms were reported.
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[Long-term therapy of Meniere’s disease. Comparison of the
effects of betahistine dihydrochloride and
hydrochlorothiazidel . [German]

Source
Fortschritte der Medizin. 100(10):431-5, 1982 Mar 11.

Abstract
- During the last few years betahistine-dihydrochloride has

been used extensively in the conservative treatment of M.
Meniere. The question has arisen as to whether
betahistine-dihydrochloride is more effective than
diuretics. The effect of betahistine-dihydrochloride was
compared to that of hydrochlorothiazide on 32 M.
Meniere-patients . The patients were initially kept under
observation for 3 months without medication apart from
symptomatic anti-vertigo agents. The patients were then
assigned to 2 groups each of 16 subjects and received
either 3 X 8 mg betahistine-dihydrochloride or 3 X 25 mg
hydrochlorothiazide for 6 months under double-blind
conditions . Before and during treatment subjective symptoms
such as vertigo, attacks of dizziness, tinnitus, sensation

of blockage in the ear and general well-being were assessed
at 4-weekly intervals. Apart from this the objective
symptoms as measured by pure tone audiograms, Frenzel-test
and electronystagmography were recorded. At the moment
betahistine-dihydrochloride seems to be the drug of choice
for Meniere-patients with a fluctuating auditory threshold.
During the 6 months treatment period an impressive
reduction in the frequency, severity and duration of the
attacks of vertigo as well as an improvement in the general
condition was found in all patients. In contrast the

. . . . .. . .. -. .-
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diuretic hydrochlorothiazide seemed to show a distinct
therapeutic effect on vertigo and general well-being
principally during the first few months of treatment in
patients with a constant auditory threshold.
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Title
Betahistine dihydrochloride versus flunarizine. A
double-blind study on recurrent vertigo with or without
cochlear syndrome typical of Meniere’s disease.

Source
Acts Oto-Laryngologica - Supplement. 490:1-10, 1991.

Abstract
This study was designed to compare the efficacy and safety
of betahistine dihydrochloride and flunarizine. All
patients included in this multicenter, double-blind,
randomized trial showed a specific pattern of vertigo, i.e.
recurrent paroxysmal vertigo with or without the cochlear
symptoms typical of Meniere’s disease. Fifty-five patients
were treated for 2 months (28 in the betahistine group and
27 in the flunarizine group) . Analysis of intra-group
symptom changes demonstrated a greater efficacy for
betahistine. Statistically significant decreases in
duration and severity of attacks, and in the presence of
vegetative symptoms were seen in the betahistine group
after the first and second months of treatment, whereas in
the flunarizine group this was the case only at the end of
the first month of treatment. Furthermore in the
betahistine group, statistically significant decreases
occurred for the other major criteria, including number of
attacks, evidence of vestibular dysfunction, and presence
of cochlear symptoms. Adverse effects were similar to those
reported in previous studies of both products: stomach
pains only with betahistine, and drowsiness, asthenia, and
depression with flunarizine.
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Effect of betahistine dihydrochloride compared with
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cinnarizine on induced vestibular nystagmus.
Source
Clinical Otolaryngology. 14(6) :485-7, 1989 Dec.

Abstract
The effect of betahistine compared with cinnarizine on
induced vestibular nystagmus was evaluated using a rotating
chair, in 6 healthy volunteers. The subjects underwent a
slow acceleration followed by a sudden stop.
Electronystagmograph tracings were taken initially as
pretreatment control values, and after betahistine 8 mg
t.i.d. and cinnarizine 15 mg t.i.d. had been taken. The
duration of nystagmus and average eye speed were measured.
No difference was recorded in either parameter between the
pretreatment rotation and that following betahistine (P
greater than 0.05) . A significant difference (P less than
0.05) was seen in the duration of nystagmus during initial
acceleration, and in average eye speed following the sudden
stop after treatment with cinnarizine.

<6>
Unique Identifier

89269630
Authors

Pfaltz CR. Aoyagi M.
---

-G-

Title
Calcium-entry blockers in the treatment of vestibular
disorders.

Source
Acts Oto-Laryngologica - Supplement. 460:135-42, 1988.

Abstract
Based upon the results of a double-blind study carried out
in a series of 120 patients suffering from vertigo and
objective vestibular symptoms, we made the following
observations during the treatment of vestibular disorders
by means of calcium-entry blockers: Subjective symptoms
regress fairly well during treatment, but no better than
after betahistine-dihydrochloride (BHC) or thietylperazine
therapy (TP) . Objective assessment of the therapeutic
action of calcium antagonists on vestibular dysfunction is
based on the results of the Harmonic Acceleration test,
which was carried out by using a computerized rotatory
chair. The most reliable parameter with respect to the
objective assessment of the experimentally induced
vestibular responses (VOR) is the gain. Our test results
show a progressive decrease in GAIN, indicating a

depressive or inhibitory effect of the calcium antagonist
flunarizine upon the VOR. If we compare these results with
those obtained in the betahistidine- and thiethylperazine

———=-
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–-; .. groups, we cannot confirm the same decline in GAIN within
the latter two groups. A statistical analysis demonstrates
a significant difference between the F-gain on the one
hand, and the BHC gain and TP gain on the other hand.
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FL
Effect of betahistine dihydrochloride on induced vestibular
nystagmus: a double blind study.

Source

I Clinical Otolaryngology. 12(2):131-5, 1987 Apr.

-

The effect of betahistine on vestibular nystagmus induced
by means of a torsion swing was tested in 10 subjects. Each
individual received, in a randomized double-blind study, 3
different single oral dosages of betahistine (8, 16 and 32
mg) on 3 different occasions. Electronystagmographic
tracings were taken at different time-intervals after drug
intake. At 3-4 hours after a dose of 8 mg betahistine the
nystagmus duration was reduced by 35%, after 16 mg
betahistine by 48% and after 32 mg betahistine by 59% (mean
values) . All these differences in dose-response are highly
significant (P less than 0.0005) . It can be concluded from
these results, that a dose of 3 X 8 mg or 3 X 16 mg
betahistine daily will be efficacious in maintenance
treatment of vertigo, and a dose of 3 X 24 mg betahistine
daily will have even more effect.
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Title
A double-blind crossover study comparing betahistine and
cinnarizine in the treatment of recurrent vertigo in
patients in general practice.

Source
Current Medical Research & Opinion. 10(4) :209-14, 1986.

Abstract
A double-blind crossover study was carried out in general
practice in 88 patients with peripheral vertigo of unknown
origin to compare the efficacy and tolerance of 12 mg

. ...
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betahistine dihydrochloride and 15 mg cinnarizine. Patients
were allocated at random to receive 2 tablets 3-times daily
of one or other drug for 3 consecutive months before being
crossed over to the alternative medication for a further 3
months. Severity of symptoms was assessed at 4-week
intervals using the Clinical Global Impression scale and
patients kept a record in a daily diary of the frequency
and duration of attacks. Details were also recorded of any
side-effects reported. The results were analyzed for 46
patients who completed the 6-month study period. Both drugs
were shown to be equally effective in reducing the duration
and severity of symptoms. Significantly fewer attacks of
vertigo, however, occurred during betahistine therapy.
Side-effects were the most common reason for dropping out
whilst on cinnarizine (9 patients) and were complained of
by 38 patients during the study (16 only when on
betahistine, 19 only on cinnarizine, 3 whilst on both
drugs) . The most frequently reported were drowsiness or
lethargy affecting 16 patients on cinnarizine and 7 on
betahistine.
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Effect of betahistine dihydroehlonde on induced vestibular rtystagrn~ a double blind
study

.—= The eflect of betahistine on vestibular nystagmus induced by means of a torsion
swing was tested in 10 subjects. Each individual received, in a randomized double-
blind study, 3 different single oral dosages of betahistine (8, 16 and 32 mg) on 3
different occasions. Eleetronystagmographic tracings were taken at different time-
intervals after drug intake. At 3-4 hours after a dose of 8 mg betahistine the
nystagmus duration was reduced by 35°/0, after 16 mg betahistine by 48°/0 and after
32 mg betahistine by S9% (mean values). All these differences in dose-response are
highly significant (P< 0.0005). 1( ean be concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efficacious in maintenance treatment of
vertigo, and a dose of 3 x 24 mg Lxstahistine daily will have even more efrect.

Keywords betahistine vertigo trearmen[ vestibular function

In several double blind placebo controlled
C]inica] s[udiesl -5 betahistine has ~n

proved to be etTective in the treatment of
patients suflering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
betahistine daily. Clinical observations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daily might be even more
effective in the treatment of these patients.
The aim of the present study was to find
objective support for this impression.

_-=‘fethods

.OLUNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

‘ Trade marks: Set-&, WLx&, Vasomotal@.

.-. .

volunteered to participate in the study.

They all had a history free from neuro-
logical and cochleovestibular pathology.
All of them received 3 different single oral
doses of betahistine on 3 different
occasions with an inter-test interval of 1
week. The sequence of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IB~LAR NY ST AGMUS

Vestibular nystagrnus was induced by
means of a torsion swing, the oscillations
provoking alternating angular accelera-
tions in the swing and in the subject sitting

on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagrnus in
the horizontal plane. This nystagmus can

.-.
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be recorded electronystagmographically.
Each time the torsion swing test is repeated
in a subjec[, the provoked nysta~us will
be the same, if the initial amplitude of the
swing movement is kept constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The most relevant ENG para-
meters are the duration of nystagmus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
study.

During the study, the oscillation time of

the swing was 16 seconds; this time
remained constant at each test point and
the average duration of nystagrnus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as 1000/. in each individual subject.

The duration of nystagmus, following
drug administration, was calculated as a
percentage of the pre-treatment duration.
The duration of nystagmus was measured
before administration of the drug and at },
1, 2.3, 4, 6 and 8 h after. This method has
a}so been used in previous experiments
with other drugs.c -8

STATISTICS

The following statistical tests were used:
Wilcoxon matched-pair signed-rank test,

and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being statistically significant.

Results

Ten volunteers received a single oral dose
of betahistine (8, 16 or 32 mg) in a
randomized and double-blind fashion, on 3
different occasions with an inter-test inter-
val of I week. The absolute values of the
duration of nystagmus at the onset of each
investigation are listed in Table 1.

It is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7°/0 for all
subjects. Table I revealed no significant
differences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced by
the 3 different dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This
shows that betahistine significantly reduces
(he duration of nystagmus when given in
doses of 8 mg, 16 mg and 32 mg
(P< 0.0005) and that the higher the dose
the more marked is the reduction in the
duration of the nystagmus (again
P < 0.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the
duration of nystagmus at the 3 different
doses were listed and also the time (t~,,)
after administration of the drug at which
these lowest values occurred. By sub-
tracting the lowest value from the baseline
value ( = 1000%)the maximal reduction of
the nystagrnus duration, induced by the 3
different doses in the 10 subjects, could be
determined (seeTable 2).

The results showed that 16mg
betahistine was more effective (P z 0.0005)
in reducing the nystagmus duration (mean
reduction 48°4) than 8 mg betahistine
(mean reduction 35Yo). Further, 32 mg
betahistine was more effective (P< 0.0005)
(mean reduction 590A) than 16mg
betahistine.

The time-interval between drug intake
and the maximal effect (t~a,) was
significantly shorter (P < 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg betahistine, The tm, between the
dosage of 16 and 32 mg betahistine
(Table 2) was not significantly diflerent.

The reduction of the duration of
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Tabk 1. Nystagrnus duration on torsion swing test before hetahistine (blank values)

Duration OJ nystagmus{s)

Tesr srdrjec[ 8 mg 16 mg

I 9.51 9.59
-i 9,45 947
i 10.11 9.98
4 9,63 9.6[
5 9.67 9,62
6 9.58 9.63
7 10.05 9,95
8 9.38 9,43
9 9.84 9.81

10 10.39 10,37

Mean 9.76 9.75
s.d. 0.34 029

SEM 0.11 0.09

32 mg
9.61
9.43

10.21
9.57
9.63
9.56

10.03
9.39
9.78

10.41

9.76
0.33
0.10

Mean SEM
9.57 0.03
9.45 0.01

10.10 0.07
9.60 0.0?
9.64 0.02
9,59 0.02

10,01 0.03
9.40 0.02
9,81 0.02

10.39 0.01
— —

.
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Figure I. Reduction of nystagmus duration caused by 3 difierent singJe oral dosages of Eetahistine with respect 10
time in IO volunteers (mean values + s.d.). n = 10. * = P< O.05: ●* = P< 0.0005. ● —0 = 8 mg: 0----0 =
16mg. A—A = ~2mg

Table 2. The maximal reduc!ion of the duration of nystagnrus and the time this maximal el%ct
occurred after drug intake

8 mg helahi.wirre

(ma. rcduc!ion

Su~jerl (h, / O,*,

I 3 38
-1 4 41

i 3 41

4 3 31
~ 3 33

6 3 34

7 3 J?

8 3 37
.—7 9 3 34

10 34 31

Mean 3.2 35”
S d. 0.3 3.8
SEM 0.1 1.2

16 mg Ireluhisrine

fmar
(h ,
4

4
34

4
4
4

4
4
4
4

4 .Ot
0.2
0.05

redurt ion

(50!

47
53

46
44
50
45
50
51
46
48

48
2.9
0.9

32 mg bsvahtsrine

[-, reduc[ion
/h) ( % J

4 55
4 51
4 61
4 63
3 6?

4 59
4 58
4 6?
4 58
3 56

3.8+ 59*
0.4 2.8
0. I 0.9

● W’ilcoxon P < 0.M)05.compared with reducing properties of 16 mg betahistine
t Wilcoxon P <0.005. compared with L“, after 8 mg betahistine
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Figure 2. A log dose-response(LDR) curve. The
horizontal axis shows the dose on a logarithmic
scale. The curve shows the relationship between the
dose and the percentage of the maximal response
induced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
part in the middle (see Figure 2). The ED50
is the dose which causes 50°A ,of the
maximal effect.

Semi-logarithmic curve fitting of all 30
test-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal effect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

$ l--f,; ; I I I J
16 32 64 128

Dose (mg)

Figure 3. The maximal effeet of 3 di~erent singte oral
doses of betahlstine on nystagmus duration in 10
volunmers: a part of the log dose-response eurwe.

n= lo; y=a+b In x: (a=- O.37. b= 17.2);
r = 0.95: P <0.005.

dosage over 32 mg (P< 0.0005). These
results are shown in Figure 3.

Dhcussion

Vestibular nystagmus induced by means of
a torsion swing, proved to be an excellent
objective method of studying the effect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-
cing this duration (up to 630/0 reduction in
this study). All 3 doses of betahistine had
a clear effecton the duration of nystagmus,
but the single dose of 32 mg betahistine
proved to be more eflkctive than 16mg
betahistine, the latter dose being in turn
more effective than 8 mg betahistine. The
nystagmus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal eflect occurred 3-4 h
after drug intake. The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg

betahistine daily will be efficacious in the
maintenance treatment of vertigo, but that
a dosage of 3 x 24 mg betahistine daily will
have even more effect. It is unlikely that
the maximal effect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.

A comparison with the results from
previous experiments 6-* indicates that the
effect of 8 mg betahistine on reduction of
nystagmus duration is similar to that of the
antihistamines meclozine, chlorcyclizine,
cinnarizine (15 and 45 mg) and flunarizine
(1O and 30 mg), Betahistine, however, has
no sedating properties. The effects of 16
and 32mg betahktineare more
pronounced than those of the anti-
histamines.
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Betahistine dihydrochloride in the treatment of
vertigo of perip-heral vestibular origin
A doubleblind placebo-controlled study
by

W.J.00 STERVELD (Amsterdq The Netherlands)

Introduction

Betahistine dihydrochloride ( SercR)* is an histamine analogue which has been
show in several placeimcontrolled double-blind studle~ to be safe and effective

-+ relieving the symptoms of patients suffering from Meni$re’s disease (Hicks
.i, 1967; Woifson et aL, 1967;FrewandMenou1976;WihnotandMenoL

J976). The efljcacy of betahistine in this condition is believed to be due to its
proven ability to improve the microcirculation of the inner ear (Kubicek and
Anderso~ 1967; Martineq 1972).

The present study was designed to examine the efllcacy of betahistine in
patients with different types of peripheral vestibular vertigo. A recently reporte~
placebecontrolled study of betahistine in patients with vertigo of peripheral
origin without established cause, provides preliminary evidence of the efficacy of
betahistine in these patients (Canty er aL, 1981).

The study was carried out between March 1978 and May 1981 in the Ear,
Nose and Tkoat f)eDartment of the Wilheirnina Gasthuis, Amsterd~ The
Netherlands. -

Materials and Methods

Patient population

Male or fema]e patients under 70 years of
age, who had been suffering from peripheral
vetigo( according to the criteria of Kane and
Strong 1957) for at ieast two months were
e[igible for the study. Patients were excluded
from the study iftheirvertigo was considered
to be due to infections of the middle-ear or
sinuses, to be of ocular, central or psychic
Origi~ or to be caused by cervical

spondylosis or internal disorders. Also
excluded were patients sutTenng from

~h’onchhd asthma or peptic ulcer, because of
histaminqic properties of betahistine.

..ti”ormed consent was received from ail
patients prior to entry into the study.

StudT design

The study was carried out according to a
doublebIin& cross-over design, There were
two six-week treatment periods. One group
of patients received one tablet of 12 mg
betahistine three times daily during the first
treatment period and matching placebo
tablets three times daily during the secon~
while the other group received the two
treatments in the reverse order.

Observations and measurements

Prior to entry into the study ail patients
received a thorough clinical examinatio~
inciuding disease history and laboratory
tesm and underwent a battery of vestibul~

● ~d is i“rigkiekd trademark of Duphar B.V., Amsterdm The Netherlands.
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metric tests (using electronystagmography)
and audiometry. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, other specified types of
peripheral vertigo, or peripheral vertigo of
unknown origin. The diagnosis of Meniere’s
disease was reserved for patients with a
combination of paroxysmal venigo, tinnitus
and varying hearing ioss, with demonstrable
recruitment on audiometric testing.

During the study period patients were
given diary cards on which they were asked
to record each day the nature, frequency and
severity of their vertiginous complaints. At
the end of each six-week treatment period the
patients returned to the out-patient clinic and
were questioned by the investigator on the
overall status of their complaints during the
previous six weeks. The following items were
rated at these visits using a numerical scoring
system

Item

W. J. 00 STERVEL.D

Results

Twenty-seven patients entered the study,
three of whom failed to complete the full 12
weeks (see Table I). The results in these
three patients have been excluded from the
statistical analysis of efficacy. Of the
remaining 24 patients, 11 received placebo
treatment first and 13 received betahistine
first. The pretreatment comparability of
the two groups was go@ both with respect
to demographic data and the results of
the various pretreatment assessments
(Table II).

Data on the ef%cacy of the two treatments
were derived from two sources the patient
diary cards and the assessments at the
end of each treatment period. Adequately
completed diary cards are availabIe for 15 of
the 24 patients included in the analysis The
data on these cards (Table III) reveal that
statistically, both the incidence and severity

Rating

1. Interference of vertigo with daily activities MinimaIly or incidentally hampered/at

2. Severity of deafness
3. Severity of tinnitus }
4. Character of deafness
5. Character of tinnitus 1

Vestibulometry and audiometry were also
repeated at the end of each treatment perid
at the end of the study, the investigator
compared the results of the tests performed
at the end of week six with those from week
12.

At the end of the study both tie
investigator and the patient were asked to
compare the overall condition of the patient’s
vertigo during the two treatment periods by
choosing one of the following statements

—no dKference between periods.
— last period slightly better.
— last period much better.
—first period slightly better.
—first period much better.

times unable to work or carry out more
ditlicult activities/seriously limited in
work or activities.

Mild/m&erate/severe.

Continuous constant/intermittenti
continuous fluctuating.

of dizziness were significantly lower during
betahistine treatment than during placebo
(p= 0.004). The occurrence of nausea and
vomiting was also significantly reduced
during betahistine treatment(p=0.014 and
0.036 respectively).

These results are supported by the results
of the investigators assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vertigo
had interfered less with the patients’
activities of daily life during the betahistine
treatment period than during the placebo
period (p= 0.035, Table IV).

The severity of tinnitus decreased in three
patients during the betahistine treatment
period and in one patient during the placebo

I
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TABLE 1

PATIENTSFAILSNGTO COMPLETETHE STUDY

Patient no. Time of leaving study Treatment Reason

2751 After week six Placebo Unknown
2752 Week one Placebo Refused ccwperation
2753 Week one Betahistine Took other antivertiginous medication

period The severity of deafness decreased in
one patient during the placebo period

Consideration of the objective data ( from
vestibulometry and audiometry) revealed no
significant dillerences between the two
treatments.

Statistically, the overall comparisons of
the patient’s vertigo during the two treat-
ments made by both the patients and the
in~sti~tor (Table V) were significantly in
= ‘-U &be~Wine (p= 0.001).While all
~ ps of patients responded favorably
to betahistine treatment the response of
the nomMeniere patients was, in the

investigator’s opinio~ more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLE fI
PRE-lltEATMENTCOMPARABILITYOF TREATMENT

GROUPS

Placek Betahistine-
Variable Betahistine Placebo

group group

Number (exc}uding dropouts)
Sex M61e

Female
Diagnosis Meniere’s disease
Other.

Merri6re’s syn&ome*
Paroxysmal vertigo
Dead labyrinth (r)
Chronic dizziness

unknown
Ekcuvnystaprmgraphy

Spontaneous nystagmus
PoaitiolAndlsced

--<
Udii .

tooe: abnorsrld
peeck with recruitment

12(11)
7
5
6

2
1

—

<

7
7

10
6

15(13)
7
8

12

—
—

1
1
1

12
11

14
12

● Not fidfiltingaflcriteria for Meniere’sdisease see
~tcr@s ad Methods,

reported by the patients or observed by the
investigator.

Dhcussion

The results of the present study
the finding of Canty e? al (1981)
effectiveness of betahistine in

confirm
that the
treating

vertigo of peripheral vestibular origin is no~
restricted to patients with a diagnosis of
Menkre’s disease.

Audiometric and vestibulometic measure-
ments were made, principally to confirm
diagnosis, and no significant improvements
and/or differences between treatment

perkxis were expected or observed
The main presenting symptom for all

patients in the study was dizziness. There
was statistically a highly significant
reduction in both the incidence and severity
of dizziness during betahistine treatment and
this improvement was accompanied by a
reduction in the incidence of nausea and
vomiting

Statistically, the overall comparisons
made between the two treatments were also
highly significantly in favour of betahistine.
The positive response of the patients not
diagnosed as suffering from Meniere’s
disease confirms the efficacy of betahistine
in the symptomatic treatment of other types
of peripheral vestibular vertigo.

These results show betahistine treatment
to be useful in treating dizziness of
unspecified peripheral vestibular origin. It is
possible that an even more impressive
response would be achieved with a higher
daily dose of betahistine ( autho~s opinion).

Summary

A doublc+blin~ cros%over, placeko
controlled study of betahistine dfiydro
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TABLE III

DATA FROM THE PATLENT DIARY CARDS ( ] 5 PATSENTS)

Variable Placebo period Betahisdne period P

Number days with dizziness 9.1 5.9 0.004
Total dizziness severity score* 19.1 10,7 0.004
Total duration of dizziness(h) t 12.8 7,8 0.012
Number days with nausea 5.2 3.7 0.014
Number days with vomiting 3.5 1.9 0.036

* Severity scored as mild ( 1), moderate (2) or severe (3).
* n= 13.

TABLE lV

INTERFERENCE OF VERTIGO WtTH ACTIVSTSESOF DAILY LIFE (RATED BY THE INVZSTSGATOR AT THE END OF EACH
TREATMENT PERIOD AND COMPARED RETROSPECTIVELY)

Diagnosis Meniere’s disease Other/unknown Total

Less on betahistine treatment 7 5 12
Less on placebo treatment 2
No difference 6 : :
pvalue 0.18 0.22 0.035

TABLE V

OVERALL COMPARISON OF TREATMENT PERIODS

lnvestigatofs opinion Patient’s opinion

Judgement Meniere’s Other/ Metiere’s Other/
disease unknown All disease unknown All

Betahistine much better 4 5 9 6 6 12
Betahistine slightly better 6 4 10 4 3 7
No difference 1 — 1 — I
Placebo slightly better 4 — 4 4 — 3
Placebo much better — — 1
pvalue 0.048 ;.006 O.ml 0.059 iio6 (bol

pvalue Menierc’s disease vs other/rmknown (Investigates’s opinion) 0.06.
pvalue Menkre’s disease m otherhmknown (Patienfs opinion): 0.10.
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chloride (12 mg, t.i.d.) was carried out in
patients with vertigo of peripheral vestibuiar
origin Twenty-four patients completed the
study, which consisted of two six-week treat-
ment periods. The patients were diagnosed
as suffering from Meniere’s disease (15
patients), vertigo due to other (specified)
causes (five patients), or vertigo of unknown
origin (four patients). Patients were
examined by the investigator at the start of
the study and were reassessed at three-
weekly intervals. In additio~ they recorded
the nature, frequency and severity of their
symptoms on diary cards. Both the incidence
and severity of dizziness (the predominant
presenting complaint) were found to be
significantly reduced during betahistine

treatment (p = 0.004).
The occurrence of nausea and vomiting

was also significantly reduced during
betahistine treatment(p=0.014 and 0.036
respectively), There were no statistically
significant differences in the results of
audiometric or vestibulometnc tests, or in
the severity of timitus or deafness, between
the two treatment periods, The overall
comparisons of the two periods made by both
the patients and the investigator were signifi-
cantly in favour of betahistine (~0.001 ).
All diagnostic groups responded favorably
to betahistine, confuming the eflicacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo, No unwapted
signs or symptoms were reported
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Betahistine dihydrochloride in the treatment of
vertigo of peripheral vestibular origin
A double-blind placebo controlled study

b~

W. J. 00 STERVELD (Amsterdaq The Netherlands)

Introduction

Betahistine dihydroehloride ( SercR)* is an histamine analogue which has been
showq in several placebecontrolled double blind studies to be safe and effective
in relieving the symptoms of patients suffering from Meniere’s disease (Hicks

--- “1, 1967; Wolfson er aL, 1967; Frew and Menonj 1976; Wihnot and Menonj
?6). The eillcacy of betahistine in this condition is believed to be due to its

proven ability to improve the microcirculation of the inner ear (Kubicek and
Andemo~ 1967; Martinez 1972).

The present study was designed to examine the eflicacy of betahistine in
patients with different types of peripheral vestibular vertigo. A recently reporte~
placebcontrolled study of betahistine in patients with vertigo of peripheral
ongh without established cause, provides preliminary evidence of the efficacy of
betahistine in these patients (Canty e[ ai, 1981).

The study was carried out between March 1978 and May 1981 in the Ear,
Nose and Throat Department oftheWilhelmina Gasthuis, Amsterdw The
Netherlands.

Materials and Methods Stud] design

Patient population The study was carried out according to a

Male or fema]e patients under 70 years of double-blind cross-over design. There were

age. who had been suffering from peripheral two six-week treatment periods. One group

vertigo( according to the criteria of Kane and of patients received one tablet of 12 mg

Strong 1957) for at least two months were betahistine three times daily during the first

eligible for the study. Patients were excluded treatment period and matching placebo

from the study if their vertigo was considered tablets three times daily during the secon~

to be due to infections of the middle-ear or while the other group received the two

sinuses, to be of ocular, central or psychic treatments in the reverse order.

ongiw or to be caused by cewical
spondylosis or internal disorders. Also
excluded were patients suffering from Observations and measurements

bronchial asthma or peptic ulcer, because of Prior to entry into the study all patients
_‘.? histarninergic properties of betahistine._-— received a thorough clinical examination,

.’ormed consent was received from all including disease history and laboratory
patients prior to entry into the study. tests, and underwent a battery of vestibulo

● s.%&is a rcgkk~ ~adem~ d DUph~B.V,,ArnS@~~ TheNetherlands.
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metric tests (using electronystagmogaphy)
and audiome~. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, other specified types of
peripheral vertigo, or peripheral vertigo of
unknown origin. The diagnosis of Meniere’s
disease was reserved for patients with a
combination of paroxysmal vertigo, tinnitus
and varying hearing loss with demonstrable
recruitment on audiometric testing

During the study period patients were
given diary cards on which they were asked
to record each day the nature, frequency and
seventy of their vefiiginous complaints. At
the end of each six-week treatment period the
patients returned to the out-patient clinic and
were questioned by the investigator on the
overall status of their complaints during the
previous six weeks. The following items were
rated at these visits using a numerical scoring
systerrr

Item

1. Interference of vertigo with daily activities

2. Seventy of deafness
3. Severity of tinnitus }
4. Character of deafness
5. Character of tinnitus }

Vestibulometg and audiometry were also
repeated at the end of each treatment peri@
at the end of the study, the investigator
compared the results of the tests performed
at the end of week six with those from week
12.

At the end of the study both the
investigator and the patient were asked to
compare the overall condition of the patient’s
vertigo during the two treatment periods by
choosing one of the following statements

—no difference between periods.
—last period slightly better.
— last period much better.
— first period slightly better.
—timt period much better.

Results

Twenty-seven patients entered the study,
three of whom failed to complete the full 12
weeks (see Table I). The results in these
three patients have been excluded from the
statistical analysis of efiicacy. Of the
remaining 24 patients, 11 received placebo
treatment first and 13 received betahistine
first The pretreatment comparability of
the two groups was go@ both with respect
to demographic data and the results of
the various pm-treatment assessments
(Table II).

Data on the eticacy of the two treatments
were derived from two source$ the patient
diary cards and the assessments at the
end of each treatment Prioci Adequately
completed diary cards are available for 15 of
the 24 patients included in the analysis The
data on these cards (Table III) reveal that
statistically, both the incidence and severity

Rating

Minimally or incidentally harnperedat
times unable to work or carry out more
dif7icult activities/seriously limited in
work or activities.

Mild/mcderate/severe.

Continuous constant/intermittent/
continuous fluctuating

of dizziness were significantly lower during
betahistine treatment than dutig placebo
(P= 0.004).The occurrence of nausea and
vomiting was also significantly reduced
during betahistine treatment(p==0.014 and
0.036respectively).

These results are supported by the results
of the investigato~s assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vertigo
had interfered less with the patients’
activities of daily life during the betahistine
treatment period than during the placebo
period (p= 0.035, Table IV).

The seventy of timitus decreased in three
patients during the betahistine treatment
period and in one patient during the placebo
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TABLE 1

PATSENTSFAILSNG TO COMPLETE THE STUDY

Patient no. Time of leaving study Treatment Reason

2751 After week six Placebo unknown

2752 Week one Placebo Refused c~operation
2753 Week one Betahistine Took other antivertiginous medication

period. The severity of deafness decreased in
one patient during the placebo period.

Consideration of the objective data ( from
vestibulometry and audiometry) revealed no
significant dfierences between the two
treatments.

Statistically, the overall comparisons of
the patient’s vertigo during the two treat-
ments made by both the patients and the
bv@@tor (Table V) were signillcantly in
---- .wof betahistine (p = 0.001). While all
. s of patients responded favorably
to tietahistine treatment the response of
tie non-Meniere patients was in the
investigator’s opinior4 more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLE II
PUS-TREATMENT cOMPARABILITY OF TREATMEm

GROUPS

Placetm Betahistine-
Variable Betahistirre Placekm

group group

Number (excluding dropouts)
Sex hhle

Female
Diagnosis Meniere’s disease
Other.

Meni&e’s syndrome*
Paroxysmal vertigo
Dead labyrinth (r)
Chronic dizziness

unknown
Ekctronystagmography

Spnnaneous nystagmus
Poaido& induced

AMI_ .

~s .E tone abnormat
=k with recruitment

12(11)
7
5
6

2
1

—
—

3

7
7

10
6

15(13)
7
8

12

—
—

1
I
1

12
11

14
12

reported by the patients or observed by the
investigator.

Dkeussion

The results of the present study
the finding of Canty et al (1981 )
effectiveness of betahistine in

confirm
that the
treating

vedgo of peripheral vestibular origin is not
restricted to patients with a diagnosis of
Meniere’s disease.

Audiometric and vestibulometric measure-
ments were made, pnncipaUy to confirm
diagnosis, and no significant improvements
and/or differences between treatment
periods were expected or observed.

The main presenting symptom for all
patients in the study was dizziness. There
was statistically a highly significant
reduction in both the incidence and severity
of dizziness during betahistine treatment and
this improvement was accompanied by a
reduction in the incidence of nausea and
vomiting,

Statistically, the overall comparisons
made between the two treatments were also
highly significantly in favour of betahistine.
The psitive response of the patients not
diagnosed as suffering from Meniere’s
disease confiis the efftcacy of betahistine
in the symptomatic treatment of other types
of peripheral vestibular vertigo.

These results show betahistine treatment
to be useful in treating dizziness of
unspecified peripheral vestibular origim It is
possible that an even more impressive
response would be achieved with a higher
daily dose of betahistine ( author’s opinion).

Summary

A doubleblin~ cros%over, placek
controlled study of .betahistine dihydrc



TABLE lV
iNTERFERENCE OF VERTtGO WSTHACllklllES OF DAILY LIFE(RATED BY THE INvESTIGATOR AT THE END OF EACH

TREATMENT PERIOD AND COMPARED RETROSPECTIVELY)

Diagnosis Meniere’s disease Other/unkrsown Total

Less on betahistine treatment 5 12
Less on placebo treatment ;
No difference ! ;
pvalue ~.18 0.22 0.035

TABLE V

OVERALL COMPARISON OF TREATMENT PERIODS

Investigator’s @nion Patient’s opinion

Judgement Meniere’s Other/ Meniere’s Other/
disease unknown All disease unknown All

Betahistine much txtter 4 5 9 6 6 12
Betahistine slightly better 6 4 10 4 3 7
No difference 1 — 1 1 — 1
Placebo slightly better 4 — 4 3 — 3
Placebo much better 1
pvaiue i.048 ~.006 ;.001 ;.059 ;.006 0.001

pvalue Meniere’s disease vs othedunknowm (Investigators opinion): 0.06
pvalue MeniAre’s disease vs Ottserhmknown (Patient’s opinion): 0.10.
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chloride (12 mg, ~i.d.) was carried out in
patients with vertigo of peripheral vestibular
origin, Twenty-four patients completed the
study, which consisted of two six-week treat-
ment periods. The patients were diagnosed
as suffering from Meniere’s disease (15
patients), vertigo due to other (specified)
causes (five patients), or vertigo of unknown
origin (four patients). Patients were
examined by the investigator at the start of
the study and were re-assessed at three
weekly intervals. In additioq they recorded
rhe nature, frequency and severity of their
symptoms on diary cards. Both the incidence
and severity of dizziness (the predominant
presenting complaint) were found to be
significantly reduced during betahistine

treatment (p = 0.004).
The occurrence of nausea and vomiting

was also significantly reduced during
betahistine treatment (p = 0.014 and 0.036
respectively), There were no statistically
significant differences in the results of
audiometric or vestibulometnc tests, or in
the severity of tinnitus or deafness, between
the two treatment periods. The overall
comparisons of the two periods made by both
the patients and the investigator were signi!l
cantly in favour of betahistine (~0.001 ).
All diagnostic groups responded favorably
to betahistine, confkrning the efficacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwapted
signs or symptoms were reported

, -. mcu
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KUBICEK W. C., and ANDERSON, W. Il. (1967) Blocd flow changes into tie dog Iabyrinthine arteries. Paper

presented at the American Academy of Ophthalmology and Otolaryrrgology, October-November 1967, Palmer
Howse, Chicago, U.S.A.
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EtTeet of betahistine dihydroehloride on induced vestibular nystagrmw a double blind
study

_—- The effect of betahistine on vestibular nystagrrsus induced by means of a torsion
swing was tested in 10 subjeets. Each individual received, in a randomized double-
blind study, 3 ditTerent single oral dosages of betahistine (8, 16 and 32 mg) on 3
difleren[ oezasions. Electronystagmographic tracings were taken at different time-
intervals after drug intake. At 3-4 hours after a dose of 8 mg betahistine the
nystagmus duration was redueed by 35%, after 16 mg betahistine by 48°/0 and after
32 mg betahistine by 59~0 (mean values). All these differences in dose-response are
highly significant{ (P c 0.0005). It ean be concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efficacious in maintenance treatment of
vertigo, and a dose of 3 x 24 mg betahistine daily will have even more eflect.

Keywords be{ahistine vertigo treatment vesiibular fmction

In several double blind placebo controlled
~linica] Studiesl -s betahistine has ken

proved to be et%etive in the treatment of
patients suffering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
betahistine daily. Clinical observations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daily might be even more
effective in the treatment of these patients.
The aim of the present study was to find
objeetive support for this impression.

> ‘ !eth@

dLUNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

● Trade masks: AKO, Betaser&, Vasomotal@.

volunteered to participate in the study.
They all had a history free from neuro-
logical and cochleovestibular pathology.
All of them reeeived 3 different single oral
doses of betahistine on 3 different
occasions with an inter-test interval of 1
week. The sequence of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IBLLAR NY ST AGMUS

Vestibular nystagmus was induced by

means of a torsion swing, the oscillations

provoking alternating angular accelera-

tions in the swing and in the subjeet sitting
on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagmus in
the horizontal plane. This nystagmus ean

. . .
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be recorded electronystagmographically.
Each time the torsion swing test is repeated
in a subject, the provoked nystagmus will
be the same, if the initial amplitude of the
swing movement is kep[ constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The most relevant ENG para-
meters are the duration of nystagmus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
study.

During the study, the oscillation time of
the swing was 16 seconds: this time
remained constant at each test point and
the average duration of nystagmus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as 1000/. in each individual subject.

The duration of nystagmus, following
drug administration, was calculated as a
percentage of the pre-treatment duration.
The duration of nystagmus was measured
before administration of the drug and at +,
1, 2.3.4, 6 and 8 h after. This method has
also been used in previous experiments
with other drugs.~ -8

STATISTICS

The following statistical tests were used:
Wilcoxon ma{ched-pair signed-rank lest.
and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being statistically significant.

Results

Ten volunteers received a single oral dose
of betahistine (8. 16 or 32 mg) in a
randomized and double-blind fashion. on 3
diflerent occasions with an inter-test inter-
val of 1 week. The absolute values of the
duration of nystagmus at the onset of each
investigation are listed in Table 1.

It is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7% for all
subjects. Table 1 revealed no significant
differences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced by
the 3 different dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This

shows that betahistine significantly reduces
the duration of nystagmus when given in

doses of 8 mg, 16 mg and 32 mg
(P< 0.0005) and that the higher the dose
the more marked is the reduction in the
duration of the nystagmus (again
P< O.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the
duration of nystagmus at the 3 diflerent
doses were listed and also the time (t~,=)
after administration of the drug at which
these lowest values occurred. By sub-
tracting the lowest value from the baseline
value ( = 100°,6) the maximal reduction of
the nystagmus duration, induced by the 3
different doses in the 10 subjects, could be
determined (see Table 2).

The results showed that 16mg
betahistine was more effective (P< 0.0005)
in reducing the nystagmus duration (mean
reduction 48°4) than 8 mg betahistine
(mean reduction 35%). Further, 32 mg
betahistine was more effective (P< 0.0005)
(mean reduction 59%) than 16mg
betahistine.

The time-intenal between drug intake
and the maximal effect (t~,=) was
significantly shorter (P< 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg betahistine. The tm, between the
dosage of 16 and 32 mg betahistine
(Table 2) was not significantly different.

The reduction of the duration of
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Table 1. NysIagrnus durauon on torsion swing test before betahistine (blank values)

Dura[ion of n~stagmus(s)

Tesr suhjcc! 8 mg 16 mg 3-? mg Mean
I 9.s1 9.59 9.61 9.57
? 9.45 9.47 9.43 9.45
i 10.11 9.98 10.21 10.10
4 9.63 9,61 9.57 9.60
5 9.67 9.62 9.63 9.64
6 9.58 9.63 9.56 9.59
7 10.05 9.95 10.03 10.01
8 9.38 9.43 9.39 9.40
9 9.84 9.81 9.78 9.81

10 10.39 10.37 10.41 10.39

Mean 9.76 9.75 9.76 —
S.d 0.34 o~9 0.33
SEM 0.11 0.09 0.10

SEM
0.03
0.0[
0.07
0.02
0.02
0,02
0.03
0.02
0.02
0.01
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Figure 1. Reduction of nystagmus duration caused b) 3 different single oral dosages of betahistine with respmt 10

time in 10 volunteers (mean values f s.d ) n = 10. ● = P< O.05: ●* = P< O.0005. ● —O = 8 mg: O----O =
16mg. A—A = 3~mg.

Table 2. The maximal reduction of the duration of nystagmus and the time [his maximal etkct
occurred after drug intake

Suh]m-[
I

—.----
8
9

10

Mean
s.d
SEM

8 mg helah{sline

IW. rcdurtmn
(h,. ( ore,

3 38
4 41
3 41
.? 31
3 33
3 34
3 3?

3 37
3 34
34 31

3,? 35*
0.3 3.8

0.1 ] ,2

16 mg he(ahi.wirre

1w> reduction
(h t /0,0 r
4 47
4 53
pl 46
4 44
4 50
4 45
4 50
4 51
4 46
4 48

4.ot 48
(),? 29
0.05 0.9

32 mg hcrahmne

1 reducr ion
(z (%)
4 55
4 57
4 61
4 63
3 62

4 59
4 58
4 62
4 58
3 56

3.8t 59*

0.4 2.8
0.1 0.9

!

I

* Wilcoxon P <00005, compared wi!h redwing properties of 16 mg betahis[ine.
t Wilcoxcm P <0.005. compared with &, after 8 mg betahistine
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Figure 2. A log dose-response (LDR) curve. The
horizontal axis shows the dose on a logarithmic
scale The curve shows the relationship belween the
dose and the percentage of the maximal response
induced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
part in the middle (see Figure 2). The ED~O
is the dose which causes 50°/0 .of the
maximal efiect.

Semi-logarithmic curve fitting of all 30
test-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal effect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

%
$ 20

j 10

~.o
Li}ll

‘4 8 16 32 64 128
00s4Img)

Figure 3. The maximal effect of 3 different single oral
doses of betahistine on nystagmus duration in 10
volunteers: a part of the log dose-response curve.

n=l O, y=a+b In x: (a = -0.37, b = 17.2);

r = 0.95; P <0.005.

dosage over 32 mg (P c 0.0005). These
results are shown in Figure 3.

Dkcussion

Vestibular nystagmus induced by means of

a torsion swing, proved to be an excellent
objective method of studying the eflect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-
cing this duration (up to 63°/0 reduction in
this study). All3 doses of betahistine had
a clear effect on the duration of nystagmus,
but [he single dose of 32 mg betahistine
proved to be more effective than 16 mg
betahktine, the latter dose being in turn
more effective than 8 mg betahistine. The
nystagmus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal effect occurred 3-4 h
after drug intake, The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg
betahistine daily will be efficacious in the
maintenance treatment of vertigo, but that
a dosage of 3 x 24 mg betahistine daily will
have even more effect. It is unlikely that
the maximal effect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.
A comparison with the results from

previous experiments b- E indicates that the

eflect of 8 mg betahistine on reduction of
nystagmus duration is similar to that of the
antihistamines meclozine, chlorcyclizine,
cinnanzine (15 and 45 mg) and flunarizine
(10 and 30 mg). Betahistine, however, has
no sedating properties. The eflects of 16
and 32 mg betahistine are more
pronounced than those of the anti-
histamines.
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—.

B.

c.

D.

E.

F.

G.

Chemical Name:

Common Name:

Bismuthi et Ammonii Citras

Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Results) (Specijcations)
Bismuth oxide content on dry basis 57.3% 55.0-59.0%

Information about how the ingredient is supplied:

A white, amorphous or micro-crystalline powder, odorless and tasteless, and permanent in
the air.

Information about recognition of the substance in foreign
pharmacopoeias:

Bibliography of available safety
reviewed medical literature:

and efficacy data including peer

Hopkins, R. J. Current FDA-approved treatments for Helicobacter pylori and the FDA
approval process. Gastroenterology, 1997; 113(6Suppl): S126-130.

Stanescu, A., Mayer, D., and Gabard, B. Helicobacter pylori eradication therapy with
bismuth citratehunoxycillin combination therapy. Leber, Magen, Darm, 1996; 26(l): 32-
36.

TillmqL.A.,Drake,F.M.,andDixo~J.S.Reviewarticle:safetyofbismuthinthe
treatmentofgastrointestinaldiseases.Alimentary Pharmacoio~ & ?%erapeutics, 1996;
10(4): 459-467.
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H. Information about dosage forms used:

Tablets

I. Information about strength:

120 mg, 2 tablets-3 times a day/ or Ranitidine bismuth citrate (RBC) 200,400, 800mg bid.

J. Information about route of administration:

Orally

K Stability data:

Melts at decomposition or with mineral acids
Stable

L. Formulations:

—
Bismuth Subnitrate ................100gms
Citric Acid...............................70gms
Distilled water, a significant quantity

*See file for compounding formulation*

M. Miscellaneous Information:

Page -2-
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QUALITY CONTROL REPORT

.-.

CHEMICAL NAME. :BISMUTH CITRATE

MANUFACTURE LOT NO. :97235018

SPECIFICATION

PHYSICAL TEST

TEST STANDARD. :USP /BP /MERCK_/NF_/MART._/co. spEcs._.——

l)DESCRIPTION .:
WHITE CRYSTALLINEPOWDER.IS ODORLESS.

2)SOLUBILITY. :
SOLUBLE IN AMMONIA OR ALKALI CITRATES; INSOLUBLE IN WATER;SLIGHTLY
SOLUBLE IN ALCOHOL.

K
3)MELTING POINT.:

MELTS AT DECOMPOSITION OR WITH MINERAL ACIDS.
-%_“

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR BISMUTH AND CITRATE.

PASSES. :

COMKENTS.:

ANfiYST SIGNATURE. :

FAILS .:

DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE .: INITIAL. :



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA

..#-%
id 5/92- 7/92

Sigma Aldrich
For Emergency Contact USA/Canada 800-325-5832 800-231-8327

Outside USA/Canada 314-771-5765 414-273-3850

NoStructure

------ ----- ----- -- IDENTIFICATION -------------------

PRODUCT #: B1654 NAME: BISMUTH CITRATE
CAS #: 813-93-4
MF: C18H15BI021

------------------ TOXICITY HAZARDS -------------------

DATA NOT AVAILABLE
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRITATION.
REPEATED EXPOSURE CAN CAUSE:
DAMAGE TO THE KIDNEYS
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED .

CHRONIC EFFECTS
SYMPTOMS OF CHRONIC BISMUTH TOXICITY IN HUMANS CONSISTS OF DECREASED
APPETITE, WEAKNESS, RHEUMATIC PAIN, DIARRHEA, FEVER, METAL LINE ON
THE GUMS, FOUL BREATHE, GINGIVITIS AND DERMATITIS. JAUNDICE AND

CONJUNCTIVAL HEMORRHAGE ARE RARE, BUT HAVE BEEN REPORTED. BISMUTH
NEPHROPATHY WITH PROTEINURIA MAY OCCUR. THE KIDNEY IS THE SITE OF
HIGHEST CONCENTRATION WITH THE LIVER BEING CONSIDERABLY LOWER.

e—_= BISMUTH DOES PASS INTO THE AMNIOTIC FLUID AND INTO THE FETUS.-= .>



FIRST AID
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER
FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND
SHOES. CALL A PHYSICIAN.

~~ IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING
THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.

IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.

-------------------- PHYSICAL DATA ----- ----- ----- -----

SPECIFIC GRAVITY: 3.458
VOLUBILITY: AMMONIA SOLUTION: SOLUBLE WATER-SLIGHTLY SOLUBLE

APPEARANCE AND ODOR
SOLID .

------------ FIRE AND EXPLOSION HAZARD DATA ------ -----

EXTINGUISHING MEDIA
WATER SPRAY.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO

PREVENT CONTACT WITH SKIN AND EYES.
------------------- REACTIVITY DATA ------ ------ ------ -

STABILITY

<STABLE.
K

CONDITIONS TO AVOID

MAY DISCOLOR ON EXPOSURE TO LIGHT.

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES ------ ------ --

S-F% TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.

SWEEP UP, PLACE”IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.

WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.

--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STO~GE ---
WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
MECHANICAL EXHAUST REQUIRED.
AVOID BREATHING DUST.
IRRITATING TO EYES AND SKIN.
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.
WEAR SUITABLE PROTECTIVE CLOTHING.
TARGET ORGAN(S):
KIDNEYS
KEEP CONTAINER CLOSED. USE WITH ADEQUATE VENTILATION.

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH THE
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR ADDITIONAL
~E~S AND COND1TIONS OF SALE— -x





A ite, amorphousormicrocrystalline PO
rwaler. odorless and tasteless, and z

Pe-%ent in the am.
%soluble m water or alcohol, but soluble in ammonia water, and in solutions

of thecitratesof thealkalies.
When stronglyheated,thesaltchars,and,on ignition,leavesa more orlees

blackenedrewdue havinga yelIowsurface,and solublein warm nitricacid.
Thk solution,when drop~d intowater,occasionsa whiteturbidity.

A solutionofthe saltm ammonia water,when treatedwith hydrogengd.
phideinexcess,

?(
“eldsa black recipitate.

Ifthefiltraterom thelattere deprivedby heatof theexcessofhydrogen
stdphideand coded,a portionof i~ boiledwith limewater,yieldsa white.
meciDitate.
‘ E ~notherportionofthecoded filtratebe mixed withan equaIvohuneof
concentratedsulphuricacid,and againcooled,no brown or brownish-black
colorshouldap araroundacrystalofferroussulphatedroppedintotheliquid

Y(lixdofndrtie.
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Uses and Administration continued

colon. A complex of bisacodyl with tannic acid
(bisacodyl tannex) is generally used in a dose equiv-
alent to 1.5 to 3.0mg ofbisacodyldissolved in 1 li-
tre of barium sulphate suspension. Tle total dose for
one procedure should not exceed 4.5 mg of bisa-
codyl and no more than 6 mg should be adminis-
tered in 72 hours.

Preparations
Namesof prepamtionsare listedEelow:detailsarc given in Parr3.

Official Prmpamtions
.9P /993 BisacodylSupposi!oriex Bisaccdyl Tablets:
USP ?3: Bisacodyl Suppositories: Bisacudyl Tablers.

Proprietary Preparstfons
Aum.: Dulcolax: La.xbem?AustraL. Bisalax; Durolax; Belg.: Dul-
colax: Purgo-Pil: Cunad.: Bisacokxt: Dulcolax: Fr: Contalax:
Dulcolax; Get: Agarolenen N: Bisco-Ztkont; Drix; Dcdcolax:
Florisan N; Laxarun N. Laxans-ratiophannt; Laxixrrti Laxhene
N; Laxoberal Bisa; Logomed .Abflihr-Dmgecs;Mandrolax; Multi-
Iaxt: Ncdalaxti Pyriias; S@falast; rempolax: Viaco-Abfiibrper-
len; Imi.: AIaxa: Dulcolax: Normalene: Nefh.: Dukol ax:
Nourilaxt; Toilaxt: Zwiraat*, Nonv.: Duicobxc Toils.w S.A/r:
Capolax: Dulcolax: kfegalax: Perilaxt: Spain: Dulco Laxo;
Medesup: Swed.: Duicolas; Toilax; Swim: Demolaxin; Dulcolm:
Ercoiax: La.xbenet: Muxol; Pmntolm. UK: Dulco-Lax; USA: Bis-
co-Las: Dulcagen: Dulcolax: Evae-Q-Kwlk Suppository; Ffeet
Bisacodyl; Fleet Lamtwe.

Multi-ingredient preparations. AIIsr.: Laxbene; Prepacol:
Pargucen: Ruigoa; Au.rrral.: Coloxyk Dam lax X-POck RJyki~
Be/,9.. Prepacol: Softene: Ctmad.: DulcOdost; Evac-Q-Kwlk:
Royvac Kit: Fz: ?Jko-Boldolaxine; POuk Dupuis; PrEpacol; Ger:
Bekunist; Daluwal FoneT; Dragees Duesbcrgt; Mediolax N;
ldilkkten Abfiihrdmgees M!lkiccenSt; Pocailoi Rcpacol: Regu-
Iat*; Rheotindt: ‘Tmgon? V1ncoV, fml.: Ftsiolax: Spain.’Bekunis
Complex:Boldoiaxim Swim: Aloinopben; Bekunis; Drix ‘tirgom
UK: Nylax: USA: Dulcolxe Bowel Rcp Kic Tridmte Bowel EviIc-
uam Kk; X-Rep BowelEvacuant Kit-I: X-prep Bowel Evacuam
Kit-2.

. ;
not~blyFranceandAustralia.anddid’
berelatedtodoseordurationofme;’~
toxicity had also occurred, some~m~
with the encephalopathy. This led to”&
the use of bismuth salts and a virm~ dii
of these toxic effects. .:jw
Nausea and vomiting have been re@L.
ing or blackening of the faeces and to~
cur due to conversion to bismuth SIJIg

gastro-intestinal tract.
w

The effects of acute bismuth intoxic~
gastro-intestinal disturbances, skin &
matitis, atrd discoloration of mucous ~
characteristic blue line may appem ~~
There may be renal failure and liver dari

Other adverse effects may not be re&
muth content. Wlir bismuth subnitt-&;
there is a risk of the nitrate being ~d~
testines to nitrite and the development 6$
globinaemia. Absorption of salic~al
following the administration of bismu~
by mouth and therefore the adverse ~
ment of adverse effects, and precautiofi
(see p. 17) should be considered. ,i~~

.X
Although bismuth salts such as tripotru
tobismuthate or bismuth salicylate ‘ka
tetracycline hydrochloride ss part of.%_ .

(see below), they may inhibit the effi~~l
clines takenby mouth and doses ofl
should be sepwated by as long m po$~+(

Bismuth compounds should not be gIy
with renal disorders. ,, ;.q

4
Acute toxic@. Reviews12 and reporrafi~~,t

tY.
1. Winshm M. TOXICIIVof bismurh $al!s Mv~zBismuth Compounds WK7-2J

Bismrrth compounds have beerr used for their ant-
acid and astringent properties in a variety of gaa-
tro-intestinal disorders, and have been applied
topically in skin disorders and anoreetaf disorders
~ch as haemorrftolda. Uertat n safts, notably tripo-
t&sium dictratobismuthate and to a lesser extent
bismuth salicylate, are used in the treatment of
peptic uicer. Most of the bismuth compounds in
current use are POOriv soluble. wkuch red-e
@city, but excessive or proionged use may lead ~
bismutb accumulation and toxicity, including re-
nal failure, liver damage, and encephalopathy~

Bismuth (5265-w)

Bi = 208.98037.
CAS— 7440-69-9.

A siIvecy-white crystalline brittfe metak with a pinkish tinge.

Bismuth Aluminate (5268+

B6muth Alummate (USAN).
Aluminum 8ismuth Oxide.

Bi1(A1104)l, IOHIO = 952.0.
CAS— 12284-76-3 (anhydrous bismuth aluminate).
Pharmacopoeias. In Fr.

Practicably insoluble in water.

Bismuth Citrate (14763-y)

CAS — 813-93-4.

1< [
Practically insoluble in water and in alcohol; soluble in solu-
tions of ahli citrates.

Bismuth Oxide (5271-p)

8ismurh Tnoxlde.
S!103 = 466.0.
CAS — 1304-76-3.

Prac!icakly insotuble m water.

Bismuth Phosphate (I saso-r)

B,PO, = 304.0.
CAS — 10049-01-1.
Pharmacopoeias. In Fr.

;.

‘j
Slightly soluble in water and in dilute acids; practicaJ1y insol-
uble in alcohol and in acetic acid; sohtble in concentrated ni-

~ 1~
tric acid and in concentrated hydrochloric acid.

Bismuth %iieylate (5275-I)

8asic 8umuch Sahcylate: Bismuth Oxysalicylate; Bismuth Sub-
salicylate (WAN).
CAS — 14882-18-9.
Pharmacopoems In Fr., Hung., IL, and Nerfr.

A basic salt of varying composition. corresponding ~ppmxi-
mmely to C6Hj(OH).C02(BiO) and containing about 58% of
Bi.

Bismuth Subcarbonate (5279-c)

Bismath S.bcarbonare (LJSAN).
Basic BlsmuchCarbonate Bamches Wismutkarbonac 8ism.
Carb.: Bismuth Carbonate Bismuth Oxprbonate Bumuti
Subcarbonax 8ismutylum Carbonicurm Carbonaro de Btsmu-
ula.
C4S — 589.2’-IO-4 (anhydrous bismuth subcorbonote);
5798-45-8 (bismuth subcarbonrtte hem(hydrate).
Plmrmocopoem. In Aust., &/g., &.. Chin., G., Euc, Fr., Ger, IL.
Neth., and Part.
The scandads ofpfr. Eur. apply to those countnes that are par-
ries to the Convenuon on the Elaboiauon of a .%mpean %ar-
macopoem see pxd.

A white or almost whiie odourless powder.
Practically insoluble in waler, in alcohol. and in ethen dis-
solves in minerat wids with effervescence. Prutect from
light.

Bismuth Subgallate (5280-s)

Bismuth Subgallate (USAN).
Basic Bismuth Gallate; Bas{sches Wismutgdlac 8ism. Subgall.;
8ismuth Oxygallate: 8ismuchl Sub.gallas.
C7H5Bi06 = 394,1.
CAS – 99-26-3.
Phorrrmcopoems. In Fr., C%., Hung., jpn, Neck and US.

USP specifics 52 to 57% of Bi20, when dried at 105° for 3
hours. It u an odourkss amorphous bright yellow powder.
Practicably insotuble in water, in alcohol. in chloroform, in
erher. osrd in vey dilute mineral acids; dissolves reti]ly with
decomposition in warm, moderately dilute hydrochloric, ni-
uic. or sulphuric acids rmdil y dissolves in solutions of atkati
hydroxides to form a clear yellow liquid which rapidly be-
comes deep red. Store in airtight containers. Protect fmm
light.

Bismuth Subnitrate (528I-WI

8asic 8ismurh Nkrace; Bausches Wkmutmrnc 8ism. Submc.:
Bismuth Hydroxide Nktate Oxldc 8ismuch Oxyniaate; 8is-
murh (%ms-Nitmte de) Loud. 8ismurhl 5ubnm-as: 8ismuthyl
Nio-ace; Magurery of Etismuch:Nirrato de Bismudlo; S+bs20ta-
to de 8kmuto: White Bumuth.
6i50(OH)9(N0,), = 1462.0.
CAS — 1304-85-4.
Pharmacopoeias, In Aust., Cz,, Fr., C& Hung., Jpn, and US.
Fr. aho includes Btsmuth (Sous-Nitrate de) L&er (Bismuth
Subnwas Levu) which ISdescribed as a variable mixmmeof bis-
muth hydroxide, carbonate, and submtmte.

USP specifies not less than 79% of Bi201 catcrdated on the
dried basis. k is a white slightly hygroacopic powder. Praeti-
cakly insoluble in water and in atcohol; readily dissolves in
nitric wrd hydrochloric acids.

Bismuth Tannate (I 1269-r)

Racticatly insoluble in water, in alcohol. and in ether.

Bismuth Tribromphenate (5282-e)

Bismuth Tnbmmophenate 8ismutum Tribromophenyfiirn
Bromphenob& Bmmphenol Bismuth: Xemformium.
CAS — 5175-83-7.

Slightly suiuble in water, in alcohol, in chloroform. and in
vegetable ods.

Tripotassium Dicitratobismuthate (ma-t)
Bismuth Subclcrat& Collo!dal Bismurh Subciwate.
CAS — 57644-54-9.

Adverse Effects, Treatment, and Precau-
tions
The bismuth compounds listed above are insoluble
or very poorly soluble, and bismuth toxicity does
not currently appear to be common with them if they
are used IS they are now for limited periods. How-
ever, excessive or prolonged dosage may produce
symptoms of bismuth poisoning, and for this reason
long-term systemic therapy is not recommended.
Also it shotdd not be forgotten that reversible en-
cephalopathy was once a problem in some countries,

Awl. imonmg
2. Slikkewccr A. d

bwmuth compounds. Wed 70XICOIAdverse Dni~
m~->~.-. ---

3. Morrow AW.Reques! ror repam: adve~” ~#
muchsubgallanz ,WcdJAurt 1973:1:912. :1SS

4, Marcm.BouyerG. Inmx,canons par Ies sel$de b
Istrts par vole oraie: mqm?te.$pidtmiolosiqu’i.?
3t: 683-702. ,

5. Sadd JP..[ al. Enciphalites au sel insolubk~
urs d’actuali[L Nouv Prcsse Afed 1982;H: 384

6. VotI Bose MJ. Zaudig M. Encepb.alopathy”%#
zfeldt-lakob disease following oral, pcesctibed!(
muth niwate. Br J Pzvchiam# 1991; 1SS: 27S-S

FOLLOWINGTOPICALAPPLICATION.Enc@-aft
-iated with the use of bismuth io30f&
(BIPP) for the acking of wouad cavities aft

fhead and neek, afthough there is some &b~
tbe bismuth or the iodoform component ISm
1. WilsonAPR.ThedangersofBfPP.LmcerJ9P4
2 Roy P-M, ,( al.

Lancer I 994; 3441708. . . .&&J

Interactions. Pretreatment with omepr~
about a threefold increase in absorptio% !$
tripofassium dicitratobismuchate in 6 heal~y
mean peak plasma concentration of bismutiaI
gk dose of 240 mg of tripofassium dicitratd
increased fmm 36.7 to 86,7 ng per mL ti’~
ministration, suggesting an increased risk o”
dual tierapy. The mechanism was thou@_vl
in gastric pH produced by the antiseereto~~
results had been remmed with maitidine?... $
1. Trctbcr G, ●t al

non of bismuth
Phannacol Thcr 1994:5% 486-91. -’”1

2. Nwokolo. CU. er al The .ffcct of histamine H@
ade on bismuth absorption from three ulcer:b
pounds. Gusfme.Ccm/ofv 199 I; 101:889-94- t‘’

..:~&
Overdosage. Bismuth aaticylate or mfm
bismutbate in recommended doses we r@~
serious adverse effects but there are rc ~ ?

P] encephalopatb y,ti and neumtoxicity fOU$S
chrondd overdose. Bismurh has been *@
urine. stools, and kidneys of the= patient% ab
tion of 1.6 pg per mL was found 4 hours @?’
Chrome ingesnon of clinicaJ doses inten@@
has been reported to cmmc paresthesia. @
paired memory.7 Encephtlopathy has n~~
with recommended doses of oipetassium d!~
bu[ it has been suggested that if blood-biSM@$
exceed 100 ng per rnL, b[smuth prepa@O~
continued.n 3
T3se oprimal treatment of bismuti overd?,~
Gastric Iavage, purgation. and hyfrafioff~
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<1>

Unique Identifier
98060676

Authors
Laine L. Estrada R. Trujillo M. Emami S.

_B—._, Title
Randomized comparison of ranitidine bismuth citrate-based
triple therapies for Helicobacter pylori.

Source
American Journal of Gastroenterology. 92(12):2213-5, 1997
Dec.

Abstract
OBJECTIVES: In an attempt to increase the efficacy and
simplicity of FDA-approved regimens for Helicobacter
pylori, we studied (1) addition of an inexpensive
antibiotic (amoxicillin) to twice-daily ranitidine bismuth
citrate (RBC)-clarithromycin dual therapy, and (2)

~ 1 of RBC for bismuth subsalicylate + H2-receptor
antagonist in bismuth-based triple therapy. METHODS:
Subjects with previously untreated Helicobacter pylori
infection documented by 13C-urea breath test plus either
endoscopic biopsy or serology were randomly assigned to a
2-wk course of (1) .RBC 400 m% b.i.d., amoxicillin 1 g
b.i.d., and clarit-tin 500 mg =d. (RAC), or (2) RBC
400 mg b.i.d., metronidazole 250 mg t.i.d., and
tetracycline 500 mg t.i.d. (RMT). Repeat breath test was
performed 4 wk after the completion of therapy. RESULTS:
Intent-to-treat and per-protocol cure rates for RAC were 46
of 50 patients (92%) and 45 of 47 patients (96%); for RMT
they were 40 of 50 patients (80%) and 37 of 42 patients

_—_
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(88%). Study drugs were stopped due to side effects in
three patients (6%) taking RAC and six patients (12%)
taking RMT. CONCLUSIONS: Twice-daily RBC-based triple
therapy with clarithromycin and amoxicillin produces
Helicobacter pylori eradication rates over 90%, which is
comparable to-rates seen with proton pump inhibitor-based
triple therapies. RBC also may be substituted for bismuth
subsalicylate and an + H2-receptor antagonist i.nstandard
bismuth-based triple therapy.

<2>

Unique Identifier
98056756

Authors
Hopkins RJ.

Title
Current FDA-approved treatments for Helicobacter pylori and
the FDA approval process.

Source
Gastroenterology. 113(6 Suppl):S126-30, 1997 Dec.

Abstract
U.S. Food and Drug Administration (FDA) approval of new
drugs expands treatment options and serves as a “safety
net” of well-documented efficacy and safety. The.-.
information provided in the package insert facilitates
physician education and provides some assurance that
marketing information is accurate. As of February 1997,
three Helicobacter pylori regimes have been FDA-approved
for eradication of H. pylori in infected patients with
active duodenal ulcers. Regimen 1, omeprazole +
clarithromycin (0/C), was supported by two multicenter,
controlled studies with a 6-month follow-up. Eradication
rates were 74% (n = 53; 95% confidence interval [CI],
62-85) and 64% (n = 61; 95% CI, 52-76). Twenty-five of 26
patients with failed eradication therapy who were taking
O/C with clarithromycin-susceptible strains before
treatment and who had pretreatment and posttreatment
susceptibility tests performed developed clarithromycin
resistance after treatment, Regimen 2,
~anitidine-bi~

&_XrltlL

.— + clarithromycin, was supported
by two multicenter, _p~ebo-com trolled studies with a
6- t~l!zw~~adication rates

.—
were 84% (n = 19; 95%

~1, 60-96~ and ~n = 22; 95% CI~_50-88). Insufficient
pretreatment and posttre-a~rn-en~--”=u=cep%i15iTitydata were
collected to assess antimicrobial resistance. Regimen 3,
bismuth subsalicylate + metronidazole + tetracycline + an
H2-receptor antagonist, was supported by two pivotal
literature-based studies. Eradication rates in patients



Page Number

with duodenal ulcer were 82% (n = 51; 95% CI, 70-92) and
77% (n = 39; 95% CI, 61-89), respectively. When
extrapolating the results of these three FDA-aPProved

:3

regimens to the clinical setting, particular aspects of the
clinical trial should be kept i-nmind. These include the
type of controls, primary end points used, population
studied, and number and type of dropouts.

<3>
Unique Identifier
97450491

Authors
Williams MP. Hamilton MR. Sercombe JC!. Pounder RE.
Title
Seven-day treatment for Helicobacter pylori infection:
ranitidine bismuth citrate plus clarithromycin and
tetracycline hydrochloride.

Source
Alimentary Pharmacology & Therapeutics. 11(4):705-10, 1997
Aug.

Abstract
BACKGROUND: Dual therapy with ranitidine bismuth citrate
plus clarithromycin twice daily for 14 days is an effective
regimen for eradicating Helicobacter pylori infection. AIM:—.*.=—
To determine whether this regimen can be improved by the
addition of a second antibiotic, tetracycline
hydrochloride, whilst reducing the duration of treatment to
7 days. METHODS: Sixty-one out-patients were enrolled to
this open treatment study. All had H. pylori infection, as
determined by 13C-urea breath test and, for those
undergoing endoscopy, by rapid urease test. Patients were
treated with ranitidine bismuth citrate 400 mg.
clarithromycin 500 mg and tetracycline hydrochloride 500 mg
all twice daily for 7 days. Eradication of H. pylori was
assessed by two separate 13C-urea breath tests, the first
28-68 days after the completion of treatment, the second
28-162 days later. H. pylori infection was considered cured
if both tests were negative. RESULTS: All 61 patients were
included in the intention-to-treat efficacy analysis.
Successful eradication of H. pylori was achieved in 55/61
patients (90%; 95% CI; 82-98%). Fifty-nine out of sixty-one
patients reported 100% compliance; one patient missed a
single dose of medication and the other withdrew at 48 h
due to nausea and vomiting. Minor adverse events were
reported by 30/61 patients. CONCLUSION: One-week triple
therapy with ranitidine bismuth citrate, clarithromycin and
tetracycline, all twice daily, is a safe and well-tolerated
regimen which eradicates H. pylori in 90% of infected

— –=—
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patients.

<4>
Unique Identifier
96384043

Authors
Peterson WL. Ciociola AA. Sykes DL. McSorley DJ. Webb
DD .

Title
Ranitidine bismuth citrate plus clarithromycin is effective
for healing duodenal ulcers, eradicating H. pylori and
reducing ulcer recurrence. RBC H. pylori Study Group [see
comments].

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035

Source
Alimentary Pharmacology & Therapeutics. 10(3):251-61, 1996
Jun.

Abstract
AIM: To compare the efficacy of the coadministration of
ranitidine bismuth citrate plus the antibiotic
clarithromycin, with ranitidine bismuth citrate alone or
clarithromycin alone for the healing of duodenal ulcers,
eradi.cati.onof H. pylori and the reduction of ulcer——--= recurrence. METHODS: This two-phase, randomized,
double-blind, placebo-controlled, multi.centre study
consisted of a 4-week treatment phase followed by a 24-week
post-treatment observation phase. Patients with an active
duodenal ulcer were treated with either raniti.dinebismuth

~~-~g b.d, . for 4 weeks plus clarithromycln 500 mg “
t.d.s. for the first 2’weeks; ranitidine bismuth citrate
400 mg b.d. for 4 weeks plus placebo t.d.s. for first 2
weeks; placebo b.d. for 4 weeks plus clarithromycin 500 mg
t.d.s. for the first 2 weeks; or placebo b.d. for 4 weeks
plus placebo t.d.s. for the first 2 weeks. RESULTS: Ulcer
healing rates after 4 weeks of treatment were highest with
rani.tidine bismuth citrate plus clarithromycin (82%)
followed by ranitidine bismuth citrate alone (74%: P =
0.373), clarithromycin alone (73%; P = 0.33) and placebo
(52%; P = 0.007). Ranitidine bismuth citrate plus
clarithromycin provided significantly better ulcer symptom
relief compared with clari.thromyci.nalone or placebo (P <
0.05). The coadministration of ranitidi.ne bismuth citrate
plus clarithromycin resulted in significantly higher H.
pylori eradication rates 4 weeks post-treatment (82%) than
did treatment with either ranitidine bismuth citrate alone
(o%; P < 0.001), clarithromycin alone (36%; P = 0.008) or
placebo (O%; P < 0.001). Ulcer recurrence rates 24 weeks

_.
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post-treatment were lower following treatment with
ranitidine bismuth citrate plus clarithromycin (21%)
compared with ranitidine bismuth citrate alone (86%; P <
0.001), clarithromycin alone (40%; P = 0.062) or placebo
(88%; P = 0.006). All treatments were well tolerated.
CONCLUSIONS: The coadministration of ranitidine bismuth
citrate plus clarithromycin is a simple, well-tolerated and
effective treatment for active H. pylori-associated
duodenal ulcer disease. This treatment regimen effectively
heals duodenal ulcers, provides effective symptom relief,
eradicates H. pylori infection and reduces the rate of
ulcer recurrence. The eradication of H. pylori infection in
patients with recently healed duodenal ulcers is associated
with a significant reduction in the rate of ulcer
recurrence.

<5>
Unique Identifier
97006475

Authors
Wyeth JW. Pounder RE. Duggan AE. O’Morain CA.
Schaufelberger HD. De Koster EH. Rauws EA. Bardhan KD.
Gi.lvarryJ. Buckley MJ. Gummett PA. Logan RP.

----- Title
The safety and efficacy of ranitidine bismuth citrate in
combination with antibiotics for the eradication of
Helicobacter pylori.
Source
Alimentary Pharmacology & Therapeutics. 10(4):623-30, 1996
Aug.

Abstract
BACKGROUND: Ranitidi.ne bismuth citrate is a novel salt of
ranitidine and a bismuth citrate complex. It has intrinsic
antisecretory and anti-Helicobacter pylori activity, but
monotherapy rarely eradicates H. pylori infection in man.
AIM: A pilot study to investigate rates of H. pylori
eradication achieved by co-prescription of ranitidine
bismuth citrate with antibiotics, and to identify several
regimens which would merit further i.nvesti,gati.on.METHOD:
One hundred dyspeptic patients infected with H. pylori were
randomly allocated to treat~k.with ranit.idj,neb~smuth
cit~- 800.mg b,d. ‘–-”plus either amoxycillin, metro~d=-iole,
c>arithromycin, cefuroxime axetil, tetracycline,
tetracycline plus metronidazole or clarithromycin plus
tetracycline for 14 days. Eradication of infection was
assessed using the 13C-urea breath test 4 weeks after the
end of treatment. RESULTS: In a per protocol analysis
eradication of H. pylori ranged between 22 and 100%; the
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intention-to-treat eradication rates ranged between 15 and
92%. No adverse events were specifically attributed to
ranitidi.ne bismuth citrate. CONCLUSION: Co-prescription
therapy, using ranitidine bismuth citrate and one or more
antibiotics, is suitable for further investigation in
large-scale clinical trials in patients infected with H.
pylori.

<6>
Unique Identifier
97004564

Authors
Stanescu A. Mayer D. Gabard B. Jest G. Baczako K.
Dragici A. Malfertheiner P.

Title
[Helicobacter pylori eradication therapy with bismuth

*

citrate/amoxycillin combination therapy]. [German]
Source
Leber, Magen, Darm. 26(1):32-6, 1996 Jan.

Abstract
The efficacy of a new ~reParation containing
bis~ e and amoxicillin in..me-tablet.was ._ared
Wh tne efflcacy of bismuth citrate monothera~y in_a ‘-”
~ aoU=kllil ld.stlldy.orl...tllerawionwionof
Helicobacter pylori. The study involved 70 H. pylori
positive (ant~um biopsies showing a positive u~~ase test)
patients with non-ulcer dyspepsia and chronic gastritis.
The treatment peri,odwas 14 days; 35 pati,ents in group 1
received 2 tablets tid containing the bismuth citrate
amoxicilli.n combination (BIAM tablet; 250 mg amoxi,cillin

p

base and 120 mg b“
~~) ~“35 ‘at~ent; $~~~c%~~””-~BItreated with 2< ablets tld cont,alnln

$
~-~bi-)”

——
Total ‘dailydose was therefore—

1500 mg amoxlclllln + 720 mg bismuth in gr~~..l patients

2\
‘~~ *5 resp. 720 mg bismuth i.ngroup 2 patients.

———--

16 -
4 weeks after

\
therap~~>~–could no~~e~i-ologically detected in

./

~~
the antrum of 22 patients (63%) in group 1 and 8 patients
(24%) in group 2. Thus in group 1 (BIAM) a significantly
higher eradication rate (p < 0.001) was shown than in group
2 (BI). Inflammation characterized by the infiltration of
polymorphonuclear cells was significantly (p < 0.01) less
pronounced in group 1 (BIAM) than in group 2 (BI) 4 weeks
after the end of treatment. Gastrointestinal distress was
quantified by evaluation of 13 different symptoms using a
fourpoints scale at the beginning of the study and after 2
and 6 weeks. ~k.~U.rn_g_f_scores_~.ecreasedby 81% in gr~up 1
(BIAM~an~.~%__in~up 2–(BU after 6 weeks.
__— -—_, _________L.—-------

—.—=__.=-
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<1>
Unique Identifier_—_
97006457

Authors
Tillman LA. Drake FM. Dixon JS.

Title
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20813
0

54760
0

Wood JR.

+

Review article: safetv-mg bismuth in the treatment of
gastrointestinaI diseases [see comments]. [Review] [60
refs ]

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035-6

Source
Alimentary Pharmacology & Therapeutics. 10(4):459-67, 1996
Aug.

Abstract
Bismuth preparations are commonly used to treat a variety
of gastrointestinal disorders, including peptic ulcers and
dyspepsia. The safet profile of cuIve
~a~ti-om+~such a%

d bismuth
~ dicitrato bismuthate

(De-Nol), bismuth subsalicylate (Pepto-Bismol),and
ranitidine bismuth citrate (Pylorid, Trite

+’1s ‘xcel:ent”Adverse reactlogs....t.o...these.age.~ts...a~rn%..rtr~.........tr~
=ue~i~jfi..~=~eri~us adverse reactions are
rare. This, in part, reflects the low systemic
bioavailability of bismuth from these medicines: less than
1% of the bismuth dose administered is absorbed. During
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repeated dosing with ranitidine bismuth citrate 200, 400
800 mg b.d. trough plasma bismuth concentrations remain
well below 50 micrograms/L. After 4 weeks of treatment
median concentrations of 3.4 micrograms/L or less were
reDorted amonqst 1210 duodenal ulcer Patients receivina

:2

or

this new chemical entity, while mean &oncentrations of-5.1
micrograms/L (plasma) and 12.3 micrograms/L (blood) have
been reported in two studies of patients receiving
tripotassium dicitrato bismuthate 120 mg q.d.s. for 4
weeks. Transient peak plasma bismuth concentrations greater
than 50 micrograms/L are observed 30-60 min after dosing
with tripotassium dicitrato bismuthate in some patients,
but are not associated with any toxic effects. After
discontinuation of treatment with bismuth preparations its
excretion in urine may continue for up to 3 months, by
which time blood bismuth concentrations have declined to
pretreatment values. [References: 60]

<2>

Unique Identifier
95036730

Authors
Pounder RE.

Title~
Treatment of peptic
[Review] [61 refs]

Source
Baillieres Clinical
Jun.

Abstract

ulcers from now to the millennium.

Gastroenterology. 8(2):339-50, 1994

The present strategies for the management of peptic
ulceration are well tolerated and clinically effective.
Histamine H2-receptor antagonists can be used for mild to
moderate disease, and proton pump inhibitors are of
particular benefit for patients with severe peptic
ulceration and the Zollinger-Ellison syndrome. However,
none of these treatments provides protection against
recurrent ulceration, except when taken as long-term
continuous treatment. Long-term exposure to pharmacological
agents raises problems of safety, particularly relating to
a lack of intragastric acidity. In addition, the
accelerated development of atrophic gastritis in patients
receiving omeprazole requires investigation and assessment.
It is unlikely that there will be any major development in
the area of control of gastric acid secretion, except
perhaps the introduction of specific immunization against
gastrin. However, the clinical benefit of this strategy
awaits assessment. The main area for development must be

---
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the introduction of convenient and effective regimens for
the eradication of Helicobacter pylori infection. Existing
regimens are either simpler and relatively ineffective, or
too complicated for widespread application. Bearing in mind
the long gestation period of any new drug, it seems likely
that the only innovative drug that will be introduced for
the management of peptic ulceration before the millennium
will be ranitidine bismuth citrate, an antisecretory
anti-H. pylori drug that will usually be used in
combination with an antibiotic. [References: 61]
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Database: Medline <1966 to present>

Set Search Results
---.-------------------------------------------- -------------
1 exp bismuth/ 2126
2 bismuth citrate.tw. 53
3 efficacy.tw. 108250
4 safety.tw. 44957
5 exp drug therapy/ 115501
6 2 and 3 11
7 2 and 4 4
8 2 and 5 13
9 from 6 keep 3-5,7-8,10 6
10 from 7 keep 3-4 2
11 from 8 keep 12-13 2
12 exp drug stability/ 20813
13 2 and 12 0
14 stability.tw. 54760
15 2 and 14 0

<1>

.—. Unique Identifier
96228244

Authors
Hunt RH.

Title
Eradication of Helicobacter pylori infection. [Review] [72
refs ]

Source
American Journal of Medicine. 1OO(5A):42S-5OS; discussion
50S-51S, 1996 May 20.

Abstract
Helicobacter pylori is probably the most common bacterial
infection worldwide and the accepted cause of chronic
active gastritis. It has a critical role in duodenal ulcer,
where the prevalence of infection is 90-95%. There is a
dramatic reduction in the rate of ulcer recurrence after
successful eradication of the organism to about 4% per
annum compared with up to 80% when the infection persists.
What is true for duodenal ulcers is also true for patients
with gastric ulcer who are infected with H. pylori. The
risk of recurrent ulcer complications with bleeding is
virtually abolished following successful eradication of H.
pylori; in contrast, the risk of rebleeding is about 33% in
patients still harboring the organism. The treatment of H.
pylori infection in patients with confirmed peptic ulcer on



Page Number : 2

_.-._

first presentation or recurrence has been advocated by a
Consensus Conference of the National Institutes of Health.
The most evaluated regimens include dual therapy with a
proton pump inhibitor and either amoxicillin or
clarithromycin, and bismuth-based triple therapy with
metronidazole and tetracycline. The use of a proton pump
inhibitor-containing regimen offers the advantage of rapid
symptom relief and the highest rates of duodenal ulcer
healing. Moreover, combinations of a proton pump inhibitor
and clarithromycin show more predictable and higher
eradication rates than amoxicillin combinations. Newer
triple therapies with a proton pump inhibitor plus two
antibacterial agents given for 7-10 days are being
increasingly described and may become the treatment of
choice if initial results are confirmed. However, the
optimum dosage regimen needs to be established. A new
combination of ranitidine bismuth citrate and
clarithromycin has also recently been shown to be
effective. At this time it is reasonable to consider all
patients with confirmed duodenal or gastric ulcer for
eradication of H. pylori, and no patient should be
considered for elective surgery without first being offered
eradication therapy. [References: 72]

<2>

Unique Identifier
92248146

Authors
Dobrilla G. Piazzi L. Amplatz S. Benvenuti S. Di F’ede
F.

Title
Helicobacter pylori and gastric ulcer therapy: reflections
and uncertainties. [Review] [32 refs]

Source
Italian Journal of Gastroenterology. 24(2):79-84, 1992
Feb.

Abstract
The relationship between Helicobacter pylori (HP) and
gastric ulcer therapy is examined by analyzing both the
data that suggest that eradication of HP renders the
gastric mucosa less susceptible to development of gastric
ulcer as well as the substantial body of evidence that does
not support this contention. The results re.po.s2ted in.
clinical trials with colloidal bismuth citrate,
antimicrobial agents (furazoli.done), and combinations of
anti-ulcer and antimicrobial agents
(H2-antagonist+cefixime, H2-antagoni.st+metronidazole) are
reviewed. Also analyzed is the relationship between HP
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eradication and ulcer recurrence. Only one study is
available on this aspect, and the limited evidence it
provides in favour of a prophylactic effect of eradication
therapy is not entirely convincing. The authors conclude
that there is no reasonable case for the dogmatic
assumption that eradication of HP facilitates either acute
healing or long-term prophylaxis of gastric ulcer, though
certain subgroups of gastric ulcer patients may benefit
from eradication therapy. [References: 32]
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A. INGREDIENT NAME:

CAFFEINE CITRATED

Chemical Name:

Common Name:

Citrated Cafhine, Coffeinum Citricum

Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Specijicatior# (Resultj

Assay (citric acid) 48.0-52.0% 50.5%

Information about how the ingredient is supplied:

White Crystalline Powder, Odorless Powder having a slightly bitter, acrid taste

Information about recognition of the substance in foreign
pharmacopoeias:

Pharmacopoeias.In Aust., Hung., Ind., Roum., and Span.
B.P.C.1959
U. S. PharmacOpeia/BP 1959

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Aldridge, A. Caffeine metabolism in the newborn. Clin. Phannaco/. 7her., 1979; 25:447.

LeGuennec, J. C. Maturational changes of tieine concentration and disposition in
infimcy during maintenance therapy for apnea of prematurity: influence of gestional age,
hepatic disease, and breast-feeding. Pediatrics, 1985; 76: 834.

Arand~ J. V. Maturation of caffeine elimination in infancy. Arch Dis Child 1979; 54:
946.



Brouard, C. Comparative efficacy of theophylline and tieine in the treatment of
idiopathic apnea in premature infants. An. J Di.s, ChiU 1985; 139:698.

Ekenber~ M. G. and Kang N. Stabilityof titrated cafl’einesolutionsfor injectableand
enternaluse. An. J hqp. Phunn., 1984;4 1(11):2405-2406.

Brouard, C., Moriette, G., and Murat,I, Comparative efficacy of theophylline and caffeine
in the treatment of idiopathic apnea in premature infants. Am. J Dis. Child, 1985;
139(7): 698-700.

H. Information about dosage forms used:

Solution

I. Information about strength:

20mg

J. Information about route of administration:

_—-
Oral or intravenous

K Stability data:

L. Formulations:

M. Miscellaneous Information:

Page-2-
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PRODUCT: CAFFEINE,
R!ZEASE #: 103025

1.

2*

3.

4.

5.

6.

7.

DESCRIPTION

CERTIFICATE ‘OF ANJULYSIS
~ ;.. p ~>

----- ----- ----- ----- --- g $j~.JzJ-

CITRATED POWDER. GRADE: PURIFIED
LOT # :B61087DI7 CODE:R60938, 60452

SPECIFICATIONS RESULT
------ ------ -- ------

[WHITE POWDER ‘A CONFORMS
~~

Identifica~i on To pass teSt passes test

Loss on drying 5.0% max. 0.1%

Residue on ignition 0.1% max. 0.025%

Heavy metals 15 ppm max. <10 ppm

Readily carbonizable To pass test CONFORMS
substances

Assay (

Assay (

caffeine ) 48.0 - 52.0% 49.5%

citric acid ) 48.0 - 52.0% 50 .5% D

.-: .

ATTENTION: TONY HATCHETT

Date :10/21/97

10700

our Order #

,
/

Prepared by : J .PATEL

Approved 7
238780 Your PO # 54210

#
_——=

~EAEJO\ZTESTRESULTS HAVEBEENOBTAINED BYOURMANUFACTURE~UPPLIER AND/ORINOURQUAL~CONTROLLABORATORY.
+EDATAISPROVIDED ATTHEREQUEST OFANDFORTHE CONVENIENCEOFTHE CUSTOMER AND DOESNOTRELIEVETHE CUSTOMER

‘“OF ITs REsPoNsIBILITYTovERIwm. THIs ANAL’fSIS IS NOTTOBECONSTRUED As AV4ARRAN~, WPREsSE00R IMPLIED.

./
——..—— -..5—----- —-,— —— .,= —.-. -.. .-—....= ._-.% * .-=. . . . . . . ,#. -

. . .. . .
-..—- -. . . . .. . . . ,.. ..- -. -.. . -—

. . . ..— ,. ..., -.,

.,. ,. .- .-:..- :. J- .— .— - ,~_. .----- .—— --- . ---- ~.:
—.— .-



QUALITY CONTROL REPORT
..

—==-

cHEMICAL NAME. :CAFFEINE CITRATED (PURIFIED)

MANUFACTURE LOT No, :B61O87D17

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP_/MERm_/NF_/~To_/cO. SpEcs.—”—

I)DESCRIPTION. :
W~ITE CRYSTALLINE,

.E
ODORLESS POWDER HAVING A SLIGHTLY BITTER, ACRID

TASTE.
~“

2)SOLUBILITY. :
SOLUBLE IN ABOUT 4 PARTS WARM WATER.

3)MELTING POINT.:

4)SPECIFIC GRAVITY. :
~

5)IDENTIFIcATIm .:
A)COMPLIES (b) AS pER NF 10th 19550
B)COMPLIES (C) AS pER NF 10th 1955”

PASSES. :

COMMENTS.:

FAILS .:

ANALYST SIGNA=. : DATE. :

PRJIPACK TEST. : DATE .: INITIAL. :

RETEST .: DATE. : INITIAL. :
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__— CITY CHEMICAL -- CAFFEINE CITRATED
MATERIAL SAFETY DATA SHEET
NSN: 6135000F047602
Manufacturer’s CAGE: 8G949
Part No. Indicator: A
Part Number/Trade Name: CAFFEINE CITRATED
==.. =... .=== =..= =.== =.== ==== ==== ..== ..== ==.= =.== ..=. ....==== .=.. .=.= =.== ..=

General Information
==.=. .......==. ==.== =.=.= =.=== .==== ===== =.==. .==.= .........= .==.. =..=. ==.==

Company’s Name: CITY CHEMICAL CO
Company’s Street: 100 HOBOKEN AVE
Company’s City: JERSEY CITY
Companyrs State: NJ
Company’s Country: US
Company’s Zip Code: 07310-5000
Company’s Emerg Ph #: 201-653-6900
Company’s Info Ph #: 201-653-6900
Record No. For Safety Entry: 001
Tot Safety Entries This Stk#: 001
Status: SE
Date MSDS Prepared: 20Nov95
Safety Data Review Date: 01.MAY96
Preparer’s Co~any: CITY CHEMICAL CO
Preparer’s St Or P. O. Box: 100 HOBOKEN AVE
Preparer’s City: JERSEY CITY
Preparer’s State: NJ
Preparer’s Zip Code: 07310-5000
MSDS Serial Number: BZDDY
Hazard Characteristic Code: N/
..=== .==== ===== .==.= ===== ===.= =.==. =..== .==.= --.==.==.== ===== ====. ===== .===.

Ingredients/Identity Information
=.===.= =.=..== =.==.== .====== ======= ======= .==.=== ======= =.==.== .====== =====

Proprietary: NO
.-.

Ingredient: CAFFEINE CITRATE, CITRIC ACID, COMPD. WITH CAFFEINE (1:1)
*96-1*
Ingredient Sequence Number: 01
NIOSH (RTECS) Number: EV6495400
CAS Number: 69-22-7
...=. ........== .........= .....=.==. ==.== =.—=.==.=.-.=..== =--=..=.=== =..=. .....

Physical/Chemical Characteristics
==.== ===.= =.==. ===.= =.=== ==.== .==== ===== ===== .==== ===== ===== ===.= ===== =====

Appearance And Odor: WHITE POWDER, ODORLESS
Volubility In Water: COMPLETE
.....=.. =.=. =... .=.. .=.. .=== ==== ....==.. =... .....=.. ...= ..=. ==.= ...=....=..

Fire and Explosion Hazard Data
.==.= ..=== =.=.. ===== ===== ===== ==.== ===.= ===== ===== ===== ===== ===== ===== =====

Extinguishing Media: WATERSPRAY, C02/DRY POWDER
Special Fire Fighting Proc: WFAR FUIJL PROTECTIVE CLOTHING & NIOSH APPROVED
SCBA W/FULL FACEPIECE OPERATED IN THE PRESSURE DEMAND/OTHER POSITIVE
PRESSURE MODE.
Unusual Fire And Expl Hazrds: FIRE IS POSSIBLE AT ELEVATED TEMPS/BY
CONTACT W/AN IGNITION SOURCE, FINE DUST DISPERSED IN AIR IN SUFFICIENT
CONCENTRATIONS IS A POTENTIAL DUST EXPLOSION.
..=.= =..== ====. ..=== ===== ====. ==.== .==.= ====. ..=== ===== =.=== ===== =.=== =====

Reactivity Data
.=.= ==.= =.== .=.. ==== ==== ..== .==. =..= ==== .=== ==== ==== ==== ==== ==== ==== ==== ===

Stability: YES
Cond To Avoid (Stability): HEAT, IGNITION SOURCE
Hazardous Decomp Products: WHEN HEATED: EMITS TOXIC OXIDES OF NITROGEN &
CARBON .
Hazardous Poly Occur: NO
...= .=== =.== ..== ==== =.== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Health Hazard Data
..=.=.= =.===== ..=.=== ===.=== ======= ======= ======= ======= ======= ======= =====

LD50-LC50 Mixture: ORAL LD50 (RAT): 192 MG/KG CAFFEINE
_.-. Route Of Entry - Inhalation: YES

Route Of Entry - Skin: NO
Route Of Entry - Ingestion: YES
Health Haz Acute And Chronic: INHALATION: MILD IRRITATION TO THE
HARMFUL, MAY CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE
MECHANICAL IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN.

—.. .
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Carcinogenicity - NTP: NO
Carcinogenicity - IARC: NO

_&====! Carcinogenicity - OSHA: NO
Explanation Carcinogenicity: NONE
Signs/Symptoms Of Overexp: IRRITATION, WAKEFULNESS, NAUSEA, RINGING IN
EiUW, MILD EXCITEMENT, PALPITATIONS, CONVULSIONS.
INDUCE VOMITING IMMEDIATELY BY GIVING 2 GLASSES OF WATER & STICKING FINGER
WASH AREA W/SOAP 6 WATER. EYES: WASH W/PLENTY OF WATER FOR 15 MINS. OBTAIN
MEDICAL ATTENTION IN ALL CASES.
..=.= .....=..== .=..= =..=. ===== ===== ===== ===== ===== ===== ===== ===== ===== =====

Precautions for Safe Handling and Use
......=.= ..=..=..=...=...====== === ===..====== ====== ================= =======

Steps If Matl Released/Spill: REMOVE SOURCES OF IGNITION. VENTILATE AREA
OF LEAK. CLEAN UP PERSONNEL MAY REQUIRE PROTECTION FROM DUST. CLEAN UP AREA
THAT DOESN’T DISPERSE DUST INTO THE AIR. USE NON-SPARKING TOOLS. PICK UP
FOR RECOVERY/DISPOS7iG & PLACE IN A CLOSED CONTAINER.
Waste Disposal Method; RECOVERY MAY BE BURNED IN AN APPROVED INCINERATOR/
DISPOSED IN AN APPROVED WASTE FACILITY IAW/FEDERAL, STATE L LOCAL
REGULATIONS.
Precautions-Handling/Storing: KEEP IN A TIGHTLY CLOSED CONTAINER. STORE IN
A COOL, DRY VENTILATED AREA AWAY FROM SOURCES OF HEAT/IGNITION. PROTECT
AGAINST PHYSICAL DAMAGE.
Other Precautions: CONTACT LENSES SHOULDN’T BE WORN WHEN WORKING W/THIS
MATERIAL .
....=.== =.=. =..= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Control Measures
==.= =.=. .=== =..= ==.= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Respiratory Protection: WHERE EXPOSURE TO THE DUST IS APPARENT, A DUST/
MIST RESPIRATOR MAY BE WORN. FOR EMERGENCIES, A SCBA MAY BE NECESSARY.
Ventilation: LOCAL EXHAUST TO PREVENT DISPERSION OF THE CONTAMINANT INTO
THE WORKROOM AIR.
Protective Gloves: PROTECTIVE
Eye Protection: CHEMICAL SAFETY GOGGLES
Other Protective Equipment: CLEAN BODY COVERING CLOTHING, EYE WASH
FOUNTAIN & QUICK DRENCH FACILITIES.

.-= ===.== ===.=. .===== ====== ====== ====== ====== ====== ====== ====== ====== ======= ==

Transportation Data
===== .==== ==.== .==== ===== ===== ===== ===== ===== ===== ===== ===== ==--------------------------

====.= =====. ======= ======= ..=.== .===== ====== ====== ====== ======= ====== ======

Disposal Data
—----——------—— ===== s===------ =.=== =..== ==..= ===== ..=.= ===== ==.== .==== =====——--———————--.—

-----------------------------------------------------------..==. ...== .=..= =-----------------------------------------------------------

Label Data
-—------—-------— --------- ==..= ...=. ==.==. ..=. ==.= =.== ==== ==== ==== ==== ==== =--------------------------

Label Required: YES
Label Status: G
Common Name: CAFFEINE CITRATED
Special Hazard Precautions: INHALATION: MILD IRRITATION TO THE RESPIRATORY
TRACT .SMAY BE A ROUTE OF ABSORPTION BY THE BODY. INGESTION: HARMFUL, MAY
CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE MECHANICAL
IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN. IRRITATION,
wAKEFULNESS, NAUSEA, RINGING IN EARS, MILD EXCITEMENT, PALPITATIONS,
CONVULSIONS.
Label Name: CITY CHEMICAL CO
Label Street: 100 HOBOKEN AVE
Label City: JERSEY CITY
Label State: NJ
Label Zip Code: 07310-5000
Label Country: US
Label Emergency Number: 201-653-6900
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packaging and storage—Preserve ButylAmi-
nobenzoateInwell-dosedcontainers.
C.ATEGORY—I,OCdanesthetic.

BUTY1CtiLORIOE
n-Butyl Chloride

CH,(CH,),CH,C1
c,H,C1 ~fO[. wt. 92.57

Butyi ~hloride contains not less than 99
~r (ynt of CJ19CI.

Caldtion: Bulyl Chloride is venJ ~amntuble.

Do not use where it nmg be ignited.

Description—BuWl Chloride occurs M :1
c]esr, colorlew, ,volatile hquid, h~virrg a ohar-
Kteristi~.nonresldual odor. It i? fl?mm:~ble.

Solubdky-llutyl Chloride IS resoluble in
~ter, but is mwclble with dehydrated alcohol and
~tb ether.
Identification-To20 ml. of Bu~yI Chloride

gdd5 mL ofsodum hydroxidesolutlon(1in20),
mk well, and b?il under a reflux condenser for 1
hour: the remdue responda to the tests for
Chloride, page 433.

Specific gravity—The specific gravity of
Butvl Chloride is not less than 0.880 and not
mo&thsn 0.885.

Distilling range, page 413—Butyl Chloride
distilsbetween 77” and 79°.
,Aeidity-Transfer 35 ml. of Butyl Chloride to
s sepmator, add 35 ml. 0[ freshly boiled and

-cooled water, shake for 3 minutes, allow the
mixture to separate, and coUect the water layer
in a suitable container. To 25 ml. of this layer
add a few drops of phenolphthalein T.S. and
titrate with 0.02 N sodium hydroxide h a pink
colorthat persists for 30 seconds: not more than

,0.1 ml. of 0.02 N sodium h@roxide is required
for neutralization. Save the remaining 10 ml.
Of the water layer for use in the test for Chloride.

Nonvolatile residue—Evaporate 10 ml. of
Butyl Chloride in a tared porcelain dish on a
8team bath and dry Jt 105° for 1 hour: the
weight of the residue does not exceed 1 mg.

Chloride, page 4 l.&A lo-ml. portion of the
aqueous layer pre ared for the test for Aciditl/

?“*OWS no more ch orrde than corresponds to 0.1
d. of O.O2 N hydrochloric acid, (7 parts per
million).

Assay-Pktce about 1.5 ml. of Butyl Chloride
“m a tared, g]a,w,-stoppered flask, nnd weigh
WCUrately. Add 50.0 ml. of 0.5 N alcoholic

~~.r 3(Jminutes
ium hydroxide, and refhm on a steam

Cool, add a few drops of
henol hthalein T.S. and titrate with 0.5 N

k~ocfkxic acid. Perform a blank determina-
tion with the same quantities of the same re~gents
md in the same manner (see i?esidrual Titrations,
We 458). Each ml. of 0,5 .V alcoholic potas
mum hvdroyide consumed is equivalent to
~.~g mg. of C,H, Cl.

packaging and storage—Preserve But~l Chlo-
ride in \ve]l-closed. light-resistant containers.
remote from fire.

Q

CATEGoRY-Anthelmintic (veterinar ).
“KUSUAL DosE—(Baeed on the welg t of the

mimd)-Horses, 15 to 90 ml. Dogs, 1 to 24
ml.

CITRATEIICAFFEINE
Citrated Caffeine is a mixture of caffeine

and citric acicf containing, when dried at 80°
for 4 hours, not less than 4S per cent and not
more than 52 per cent of anhydrous caffeine
(C, H,&,OJ, and not less than 4S per cent
and not more t@ 72 per cent of anhydrous
citric acid (CJIa07). The sum of the percent-
ages of anhydrous caffeine and anhydrous
citric acid is not less than 98.5 and not more
than 101.

Description-Citrated Caffeine occurs as a
white, odorless powder, having a slightly bitter,
acid taste. Its solutions are scid to litmus.

Sohcbility-One Gm. of Citrated Caffeine dis-
solves in 4 ml. of warm water. On diluting the
solution with an equal volume of water, a por-
tion of the caffeine gradually separates, hut redis-
solves on the further addition of wzter.

Identi5cation—
A: Dissolve about 20 mg. of Citrated

Caffeine in 1 ml. of hydrochloric acid in a por-
celain dish, add 100 mg. of potassium chlorate,
md evaporate to dryness on a steam bath. In-
vert the dish over a vessel containing a few drops
of ammonia T..S.: the residue acquires a pur Ie

!color, which dlaa pears upon the addition o a
$solution of a fhe alkali.

B: Dissolve about 100 mg. of Citrated
Caffeine in 10 ml. of water, and add 1 ml. of
calcium chloride TS. and 3 dro s of bromothy-

$mol blue T.S. Add 0.1 N so mm hydroxide,
drop by drop, until the color of the solution just
changes to a clear blue,thenboil the solution
gently for 3 minutes, agitating it gently during
the heating period: a white, crystalline precipi-
tate appears in the liquid.

C: Add 1 ml. of mercuric sulfate T.S. to 5
ml. of a solution of Citmted Caffeine (1 in 100),
heat the mixture to boiling, and Sdd 1 ml. of
potaasium permanganate T. S.: a white precipi-
tate mppeare.

D: The residue obtained in the Assay for
cafla”ne, when recrystallized from hot water and
dried at 80” for 4 hours. melts between 235° anti
237.5°, page 438.

Loss on drying, page 437—Dry Cltrated-Caf-
feine at 80° for 4 hours: it loses not more than 5
per cent of its weight.

Residue on ignition, page 448-Citrated C~f-
feine yields not more than 0.1 per cent of residue
on ignition.

Heavy metals, page 430—Dissolve 1 C‘. mf
Citrated Caffeine m 15 ml. of water, and dilute
to 25 ml.: the heavy metals limit for Citrated
Caffeine is 15 parts per million.
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Readily carbonizable substances, page 447—
Heat a mixture of 2WIm . of Citmted Caffeine

f“and 5 MI. of sulfuric acid .S. m a porcelain dish
on a steam bath for 15 minutes, protecting it
from duet: the color is not darker than that of
Matching Fluid K.

AaaaY for caffeine-.4ccurate1y weigh about 1
Gm. of Cltrated Caffeine, previously dried at
80° for 4 hours, and dissolve it in 10 MI. of hot
water. Add 8 ml. of sodium hydroxide T.S.,
cool the solution, and shake it in a separator with
three or more successive portions of 20 ml. each
of ctdoroform to effect complete extraction of the
cfdfeine. Filter the combined chloroform SOIU-

tlona through a smalf filter, previously moistened
with chloroform, into a tared dkh. Wash the
stem of the separator, the filter, and the funnel
with 10 ml. of hot chloroform, adding the waah-

‘T
to the dish, and evaporate the combined

c oroforrn solutions on a steam bath, adding 2
ml. of alcohol just before the last trace of chloro-
form is expelled. Complete the evaporation of
the solvent, and dry the residue, consisting of
C&~,O,, at SOOfor 4 houra and weigh.

Assay for citrfc acid—Weighaccuratelyabout
400mg.ofCitratedCaffeine,previoualydried at
80° for 4 hours, and &solve it in 25 ml. of water.
Add 3 dro s of phenolphthalein T. S., and titrate
withO.1 f/aodiumhydroxideto afaintpinkcolor.
Each ml. of 0.1 N sodium hydroxide is equiva-
lent to 6.404 mg. of CoH&h.

Packaging and storage—Preserve Cltrated
Caffeine in tight containers.

CATEOORY~entI’Si stimufant.
USUAL DOSE—366 mg.

CitratedCaffeineTablets

Citrated CMeine Tablets yield an amount
of anhydrous caffeine (C8H10~402) not lees
than 45 per cent and not more than 55 per
cent of the labeled amount of titrated ctieine.

Identification-titrated Caffeine Tablets re-
spond to the Identijlcation tests under Cilrakzi
Cafleine, page 63.

Disintegration, page 455—The disintegration
time limit for Citmted Caffeine Tablets is 30
minutes.

Weight variation, page 468-Citrated Caffeine
Tablets meet the requirements of the weight
variation test for tabie-te.

Assay-Weigh and finely powder not less
than 20 Citrated Catfeine Tablets. Transfer an
accurately weighed portion of the powder,
equivalent to about 500 mg. of titrated caffeine,
to a separator, and dissolve it, as completely M
possible, in 10 ml. of water. Add 1 drop of
phenolp’tlmlein T. S.: and sodium hydroxide T.S.
until a permanent pmk color is produced. Ex-
tract the caffeine completely from the mixture
with successiveportionsofchloroform,passeach
portionthroughsfilterwhichhas been previously

NATIONAL FORMULA

moistened with chloroform, md wash the
of the funnel and the filter with a few ml. o
chloroform. Evaporate the filtrate on a s
bath, adding 2 ml. of slcobol just befor~
chloroform ia all emporated, and dry the re~
at 80° for 4 hours. The wei ht of residut

8tained repreaenta the yield of d-IIo~40z.

Packaging and storage-Preserve Cit]
Caffeine Tablets in tight containers.

Tablets available<ltrated Caffeine Ta
uswdly available contain the following amc
of titrated caffeine: 60 and 120 mg.

CATEGORY and DosE<ee Citroted Qffe

CALAMINE OINTMENT
Turner’s Cerate

Calamine. . . . . . . . . . . . . . . . . . . . . . . . . 170
Yellow Wax. . . . . . . . . . . . . . . . . . . . . . 40
Wool Fat. . . . . . . . . . . . . . . . . . . . . . . . 40
Petrolatum. . . . . . . . . . . . . . . . . . . . . . 750

Tomake . . . . . . . . . . . . . . . . . . . . . 1000

Melt the yellow wax with the wool fat
petrolatum and mix the calamine thorou<
with the melted mixture to produce a sma
homogeneous ointment.

Packaging and storage-Preserve CalaI
Ohtment m tight containers and avoid prolol
exposure to temperatures above 30°.

CAmmOrm-Astringent protestant<

CALCIUM AMINOSALICYLATE
Calcium Para-aminosalicy late

CJ3,CaNt0.3H20 MOL wt. 3$

Calcium Aminosalicylate contains not
than 98 per cent of C,,H,,CaN@,, cfilcul
on the anhydrous basis.

Caution: Prepare solutions of Call
Arninosalicylate roithin 24 hours of admini
tian. Gna%r no circumstances use a solutit
its color is aizrker than that of a fmdlh ?wJ
solution.

Description—Calcium Arninosalicylate O(
as white to cream-colored crvstah+ or Po~
Itk odorlessand has an alkaline, slightly bl
sweet taste. It is somewhat hygmscopic.
solutions decompose slowly and dmken In c
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k Caffeine Cle_ce, ~d d~gs such s omt conrmceptives

fdlce the me of clemance by inhibiting ctieine memb
fb For fufier di~cu~~i~n on individual drug intecscnons
~~ cfieine. see below.

AUC3HOLIn a study of 8 he~tiy subjects given alcohol by
~th in a dO~e of 2,2 mL per kg body-weight, caffeine
1~ mg by mouth did “ot antagonise Uzecenmd effmts Of d-
mbnl and, in~te~, ~ ~WeTl~tic intemmion cccurred which
flld3er increased re~cl,~” time, The commml practice Of
dzillking coffee ~f~er~~”g alcohol in order m sobw up is
@ mPprced by [he.xeresults.’
1.~me t3J,ROgC~y. [nwractmns of alcohol and Caffemc on

human~acr,on ,,me, *v,o, ~puct E“.,m” ,44<d1983.54:528-
34.

*~ARRHYTHM(CS III 7 healthy wbjects mzd 5 patients wi~
~diac ~hythmils, mexdctine m a single dose of 2W mg
Ud a do~=,jf fjof) ~g d~i]y ~=~pcrively, reduced the elimma-
* oi mffeme by 30 to 50%.1Lignocamc, fl?CQlnKfe, ~
$Qimdt. had “o ~ff~.[ O“cti”feine elimmitlion in heahl’!y sub-
EcUl

consitant acfministmhon of ciproffoxacm, “] enoxacin,~> and
pipemldic acid; :.3 lomcjl>xacin,d norflbzacin,>] and
ojfoxczcin23 had Iittle or no effect on these parameters.
Enoxacin huadthe greatest Inhibitory effect on c~ffeine cleaz-
~c,u

1. Heal y DP, et al. [mezacnon between oral clproflomctm and caf-
feine In normdl volunteers. Anr!mtcrob Agcnrs CJ#tmorhcr
19t?9,33:474-8.

2. Harder S. d u). Ciprofloxacm-ca ffe!ne: a dmg intcrnctton es.
mbl lshed using tn VIVO and in vmo invesugarlons, Am J Mtd
1989:87 (sUFI@ 5AY 89-91S.

3. 8amctt G. C!al. Phmm.zcokimcrtcdcrerminatmn of relam’e co.
ten.. of a.ino lone mhibtilion of catfeme dbst[lon. &ur Jc[im
ih.&&~? 19!0 >963-9.

4. Hcaly DP, er al. Lack of interactwn between Iomefloxscin xnd
caffeine m normal voiunteem. Anlim#cmb A#mrs Chemothcr
1991:15:640-4.

ANTIEPILEPT!CS.73se memz clemarsce of caffeine was increased
and its haJf-life decceased in epileptic patients taking pftmv-
min compared with Jzcalthy controls, resulting in lower plw-
ma-affeine concentrmions. Tremment with carbama:tpinc
or va(pmtc acid had no effect on she pharnmcokinetics of ctf-
feine. I
1. Wietholtz H. cl al. EtTccM of phcnytom. Carbamaxpme. and

valproic acid on caffemc metabuhsm. E.r J Clin Pharmacol
19S9: 36:401-5

ANTIFUNGAL.In a single-dose study in healthy subjects. rer-
binafine SIN mg by mouth decreased the clearance snd in-
creazed the elimma[ion half-life of ctieiac 3 mg per kg body-
weight given intravenously. Kcroconazo/e -W mg by mouth
did not prolong the elimination of cafTeine to a significmt ex-
tent. {
1. W~hllWtder A, Paumgwmcr G. Effca of ke[acanazole and [er-

blnatine on [h? oh.vmacokinetics O( caffemc in healthy volun-
tec~. Eur J Chn Pharmucol 1989; 37: 279-S3.

AMTIGOUTAGENTSfsza study in 2 healthy subjecLs. ffscplasma
half-tife of caffeine was essentuzlly unchanged by 7 dsys’
tnmrment with czllopurinol 30f3mg or 6GUmg daily by mouth.
However, dlopurinol caused a specific, dose-depmdent inhi-
bition of the convection of ! -methylxamhk to 1-methyhwic
sad. 1
1. Gram DM, c1al. Effect of allopunnol ott caffcme dispxaian in

man. Br J Clie Phammcol 1986.21: 4S4-8.

CASTRO INTESTINALAGENTS. Cimefidine [ g ddY by f330UJhfe-
duced the systemic clemztce of ctieinc and prolonged its
elimination half-life in 5 healthy subjects. Although the
steady-stale plasma-caffeine concentration would iszamse by
appmxinJ@Y 70%, ,it was tiought unlikely thm shis would
produce adverse climcal effects. 1
1, Bruughton U, Rogers HJ. Oecreased systemic clearance of

caffeine due to cimctldine. 8r J Ctm Pharmuco/ 198 I; 12:155-
9.

IOROCILAMIOE.In4beahbysctbjccr.s.idrncilaznideinhibitedthe
biommsfozznationof caffeine snd increased its hsff-life 9
times. Panial or total avoidance of cfleine-containing pcod-
wcs was recommended when idrdamide was being taken.1
1. Brazier JL, el td. [nhib!!lon by tdraalamlde of the disposition

of caffeine Eu, J C/in Pharmacol 198017:3743,

OKALCONTSACEPTWESThe c]eamnce of ctieine hss been te-
porred to be reduced and its elimination b&life increased in
women taking or-al contraceptives.l J This interaction w=
thought to be due to impaimzent of hcpatic merabdism of cuf-
feine by sex hormones and could result in increased accumu-
lation of caffeine.
I Pa!wardhan RV. cral. [mpaizedcl!mmat!onof caffcme by oral

conwaceptwe stcro!&. J &b C/in Jftd 1980: 9S: W3KS.
2. Abcmelhy DR. Tadd EL. Impamnent of caffcmc clearance by

chmmc use of low-dose acsuogen<ontamlng oral conu-acep
uves. Ew J C/in Phamwcd 1985: ~ 425-8.

SYMPATHOMIMETICS.Administmtion of caffeine 400 mg with
phenylpmpanolamme 75 mg, lmth given orally w consrolled-
releasc prepamtions. prmfctccd greater pl.35ma-csITeiztecOn-
cenlrNions m heatthy suby$cts than acfmmistmlion of cafTeine
alone. Greater increases in blood pressure and more repas of
physicat side-effects occurred ifter the combination than after
either drug alone. 1
1. Lake CR, /1 al. Phcnylpropano[am!ne mcrcascs plasm~ caf-

fcmc levels. Cfin Pha,mucd Thw 1990:47: 675-s5.

THEOPHYLLINE.For the effect of caffeine on the metabolism
md elimination of theophylline. see under Interactions in
Theophyllinc. p. 1661.

Overdosage. Reports and reviews of c~ffeine toxicity.
1, K.lk.mt PB. J30mnd RD Cd7cmc lox!ciw in a neonate. Pcdi.

arrtcs 1979; w. 254-5.
2. Banner W. Czwka PA. Acu Ie c~ffcinc overdOse in (he neonate.

Am J DIX Chdd 1980134:495-8.
3. Z>mmerman PM. cr 01. C. ffeine intoxication a new fttal ily.

Ann Emerg Wcd 1985; J*. 1227-9.
4, DaIv, RR. ,Acucemd chrontc toxic>ty of .uffetnc: a revmw VeI

Hum Toxicol 1966:28: 144-50

Pregnancy and the neonate. h the USA. fie Fwxf and
Drug Administration has advised pregnant women to Iim![
rhexr Inmke of cal~e!ne and caffeine-contaming beverages to it
minimum, but dus recommendation WZ.Sbased JwsdY On JI-
imd srudks and dm e~ect of caffeine on the human fucmz
and foc!al loss during pregnancy is contrt3verxmL ( Although

one recent study fmmd no evidence that moderate caffeine use
(Icss than 300mg daily)bcseazedtheriskof spamneous
abortion.2 another swdy has repotted confecting results] lead-
ing one commentator to conchtfe that the safety of ctieine
consumption during prqtnarscy ccmains unresolved.’
1. Eskenw B. C.vffe!ne during pregnwtcy. grounds for concern?

JAM,4 1993: 270; 2973-4.

2 .Milis JL, cr al. .Moderale caffeine usc and !bc r,%kof spomme.
ous abonton Jnd mtrauw:inc grow!h rcmrdmion. JAMA 1993:
269593-7.

3. lnfmtc-Rtvard C. et al. Feml lobs ?m’xmred with caffcinc !n-
mkc before and during pregnancy. JAMA 1993, 27fl 2940-3.

For a comment on the inadvisability of using cat%ine and so-
dium benzoafe injection in neonates becatssc of the risk of ad-
verse effects associated wish the benzoate component. see
utdcr Sodium Benzoate, P. I I 18.

LACTATIONFof studies eXM3dning the Mkf3Sferof catfeine imo
bccasc milk sod its consequences, see p.1653under Pharma-
cokmeocs.

Sport. The Intemationaf Olympic Committee haz bmmed tie
use of large amounts of caf~eine by athletes but smaller
amounts. compatible with Amadcmte intake of coffee or soft
&inks, we permitted. ( However, bccauac of the marked inrer-
indvidual variation in mine-caffeme concentrations. even a
modest caffeine intake qttivalent to 3 to 6 cups of coffee dat-
1y, may give a mine concentration in excess of the permissible
[imd.z

1. Anonymous. Drugs it! the Dlympics. .Ued tirr Druqs Thrr
1984: 2665-6

2. f3)rkett DJ. Minem JO. Caffcmc renal cleamacc md urine czf.
femc coacenuauons during stesdy slate dosing: fmphcmms
for momtonng caffeine mmkc during sporesevcms. Er J Clin
Pharmacol 199 I :31:405-8.

VW@lsdrawal. Hew-lathe is a recognised symptom of ctieine
withdmwat and even subjects who drink moderate amounts O(
coffee can develop headaches lasting I to 6 days when
switched to a Ctectieinated brand. I 1(has also been suggested
that Postopemtive beadsche could be atuibuted to carfeine
withdmwaf w fasting patiema sre ceqwcd 10 abstin frOm
drinking tea or coffee before surgicol procedures. Several
SNtf&24 have found a positive mscciation between postop-
eea!ive headache and daily caffeine consumption. although
&m have atso been tzegative Iincfkrgs?
1. van Dmccldmp M. ffiratI MB. Headache crowed by caffeine

withdrawal among madcrate coITec drinkers swl!ched from or-
dinary m dccaffema!ed coffee: a 12 week double blind tn. d.Br
6fcd J 199& SO& 15~~0..”. .

2.GdledyDC.C(d. Dacscaffeine withdrawal cumribwc [o PI.
!ansesthe!ic mtiidity ’! Lmcer 1989k 1335.

3. Weocr Jti, et al. Periopmuive ingestion of ctieine md po.lop-
ezanvc ftcadsche. .Wa.w Clin P.WCfW3: ~. S42-5.

4. Nikolajscn L, <r IIL Effect of previaus frcquemy of bcadiwhc.
duration of fs.mng md caffetne abstmcnce on fwnofxr~uw
headache. Br f A.acsrh I W, 7% 295-7.

5. VerhacffFH. Mill= JM. OoM caffemc contnburc to FosIoper-
auve mortnday 1 Lancet 1991X336:632.

Pharrnacokinetics
Caffeine is absorbed readily after oral administra-
tion and is widely distributed throughout the body. [t
is also absorbed through the skin. Absorption fol-
lowing rectal administration by suppsitoty may be
slow and erratic. Absorption following infzamuscu-
Iw injection may be slower than atler oraf ~dminis-
tration. Caffeine passes readily into the central
neswous system and into safiva, low concentrations
are also present in breast milk. Cafeine crosses the
placenta.

In adults, caffeine is metabolised almost completely
in the liver via oxidation, demethylation, and
ace[ylation,and is excreted in the urine as l-methy -
Iuric acid, I-methylxiuzthine, 7-methylxanthine,
1,7-dimethylxanthine (paraxanthine), 5-acetylami -
no-6 -fortnylamino-3 -methyluracil (AFMU). and
other metabolizes with only about 1% unchanged.
Neonates have a greatly reduced capacity to metab-
olise caffeine and i[ is largely excreted unchanged in
the urine until hepatic metabolism becomes signifi-
cantly developed, usually by about 6 months of age.
Elimination half-lives are approximately 3 to 6
hours in aduks but may be in excess of 100 hours in
neonates.

Lactation. SNdieS examimng the uansier of caffeine into
breast milk after doxcs of 35 [o 336 mg of caffeine by mouth
hove recorded peak matemal plasma concentrations of 2.4 to
47 pg per mL, peak ma[emaJ saliva concenmmons of 1.2 to
9.2 #g Fr mL, and peak brast-mdk concencrarions of 1.4 w
7,2 yg per mL. At rhesc concenrmtions in brext mjlk. the cal-
culated daily caffeine ingesnon by bruzt-fed infants ranged
from 1.3 m 3.1 mg, which was nOt ~Ought 10 prc*nt a h~-

RR%--,” 1. JmrcsR. R,chtc, E Mcxrletine md caffeine ellmlnaum. v
EIIS(J%I 19s7,317: [17

~TISACTERIALSC=ffei”e elimma[ion half-life has been m-
~Ed to be increased ~d ~ieua”c~ decremcd by the ccm-

~ sYmbOl + deno!es I prcparmion no longer activelY m~keted



reduced with complete abolition of apnoea in 6 infants.
Plasma half-lives were very prolonged and ranged from
40.7 to 231.0 hours. Controlled trials were necessary to
establish the usefulness of caffeine.— J. V. Aranda et
al., J. Pediat., 1977, 90, 467. See also J. AM, med.
Ass., 1976, 235, 693: T. R. Gumr d al., J. Pedirzt.,
1979,94, 106.
Dermatitis. In a double-blind study in 28 patients with
atopic dermatitis the application for 3 weeks of a 30%
caffeine cream produced significarr[ly greater benefit (in
terms of crythema, scaling. Iichenification, oozing, and
excoriation) than a placetm. Ii was considered that caf-
feine increased the concsmtraliorra of cyclic AMP in the
skin, — R. J. Kaplan ●r af. (letter), Archs f3erm., [977,
1J3, 107. See also idem, 1978, 114.60.

J3yperksktic wsres. Caffeine might be a suitable altcr-
rra!ive to central nervous system stimulants for children
with hyperkinctic stales.— R. C. Schnackenberg, Am. J.
Psychiat.. 1973, 130, 796. See also C. C. Reichard and
S. T. Elder, Am. J. Psychiat.. 1977, 134, 144. A wn-
trary view.— C. L. Saccar, Arm J. Hosp. Phrsrm., }976,
35, 544.

?~;:?sr!r?~A/.

623-f

Cisffeisse arrsf sodium Besszoate (B.P.C. /954). Caf-
fein. et Sod. Benz.: Coffeinurn es Natrii Benzoas Cof-
feinum-natrium Benzoicrsm.

CAS— 8000-95-!.

Phormacopaeios. In Atrat., Cz.. Ger., Hung.. iru.. k.
Jap.. Jug., Me%..Nerd., Pol.. Rorsm., Rrss.. Swiss, and
Turk. The specified affeine content varies from 38 to
52%.

A mixture of caffeine and sodium henzoate containing
47 to 50% of anhydmua caffeine. It is a whi!c odourkaa
powder with a slightly bitter taste. %frrbia 1 in about
1.2 of water and I in 30 of akohd; slightly soluble in
chloroform. A solution in water has a pH of 6.5 to 8.5.
A 3.92% solution in water u iso-camo{ic with serum. .

Caffeine/Acepify nine 341

Eupinal (Cuxsorr. Gcrrard, UK), Contains in each 5 ml
caffeine 115 mg and ammonium icdide 345 mg in infu-
sion of cof~se.
Eupnisse Verrrxde {Wilcox, UK). A solution containing in
each 5 ml anhydrous caffeine 1S5 mg, ammonium iodide
366 mg, Iiquorke ~quid extract 0.0175 ml. cherry-laurel
aqueous extract (equivalent to hydrocyanic acid 27 ug)
0.027 ml. Dose. 5 ml in water once or twice daily before
meals.

625-n

Caffeine ●taafSodium S9ficylate (iH.C. 1949). Caf-
fe.in. et Sod. Salicyl.; Coffeinum et Natrii Salicylax
COffeinum-rtatrirIm SzIicylicum.

CAS — 81M2-8S-J.

Phanrracopotioa. In Aus1. (48 to 52%), Ger. (39 to
42%), IN. (44 to 46%). Swiss (46.8 to 48.6%), and
Turk. (44 to 46%).

A mixture of caffeine and sodium aalicylate containing
47 to 50% of arshykmv caffeine.
A white odourkaa amorphous powder or granular mass
with a bitter saline taste. Sdubk 1 in 2 of water and 1
in 25 of alcohol. A 5.77% solution in water is iao-
msmotic with serum. Solrstions are stesiherf by ~utrzclav-
ing or by filtration. Ixcaaspxtibie with mineral acids.
iron salts. iodine, salts of heavy metals, and tannin.
Store in airtight containers. Protect from light.

Caffeine and sodium satiiylate was formerly used, by
subcutaneous injection as a SO% solution, as a cardiac
and rczphtory stimulant and as a diuretic.

CAS — 69-22-7.

Solutions are sSedkasd ~ aytocl?~ing m by ~k (I ration. -fhar~~o~i~. In ASSSJ,. Hung,, [rd.. Roum.. and
Incompatibk with miners acrda. won salts. iafine, salts ssYurr. /
of heavy metals, and tannin. Storv in airtight conuirsera.
protectfmm tight.

Because of its ready sohsbility in water caffeine and
sodium benzosrte has beers em Ioyest for administration
of caffeine try injection. A 2S~ solution has been used
subcutaneously as a cardiac and respiratory stimulant
and as a diuretic in doses of 120 to 300 mg.

Keraicwsra. sodium bmzoate in caffeine and sodium
benzoate injection could uncouple bilirubin from its
albumin binding sites, which might induce kemicterua.
Such injections should be administered with caution, if
at all. to rreorratsz with raised b!iirubin concentrations.—
D. Schiff ●( Izi., Perfiarrics. 1971.48, 139.

Prcpxrntlorss
caffeine and Sodirmr Benzsmtc Injectiaa (U.S.P.). A
steriie solution in Water for lnj@tions; pH 6.5 to 8.5.

A preparation containing caffeine and .sodkm benzuate
was formerly marketsd in Great Britain under the prop-
rietary name Elixir Sibsc ( Vestric).

&
A mixture of caffeine and citric acid csrmainirrg 47 10
50% of arthydmua caffeine.
A whita odmsrkaa powder with a bitter acid taste.
Sdrsbk I in 4 of hot waler. dissociating on further dilu-
tion with the aqvaration of caffeine on cooiing which
redisoives in about 32 of watcfi soluble I in 25 of
alcohol. A solution in waler is acid to litmus. kscompat-
ibk with mixtures containing ptassium iodide and
nitrous ether spirit. iodine being liberated. Incompatible
with phersazone. scdium Lrenzozte, scdium nitrite. and
sodium salicykt~ caffeine, in haif tbe dose of caffeine
citrate ordered, should be used for mixtures containing
these incompatible substances. Store in airtight contain-
ers.

Caffeine citrate has been used timilarly to cdTcinc
(P.341) in dmea of 120 to 600 mg.

624-cl

Caffeine and %dkrm Idlde (B.P.C.f968). Caffcin.
and Sod. Iod.; Iodocaffemc.

A mixture of caffeine and sodium iodide containing 47
to 50% of anhydrous caffeine. [t is a white odourless
powder with a bitter saline taste. soluble 1 in 5 of
watec panly soluble in alcohol. Incompatibk with mine-
ral acids. salts of heavy metals. and Iannin. Store in
airtight containers.

Caffeine and sodium icdidc has the toxic effects of caf-
feine (p.340) and of iodine (P.862). It has been used as
a cardiac and respiratory stimulant and as a diuretic. It
is used for the relief uf asthma. Doses of 120 to 600 mg
have beers given.

Preparstiorrs
Caffeine Iodide Elixir (B.P. C. /973). Caffeine 150 mg,
scdium iodide 450 mg, liqunricc liquid extract 0.3 m(,
chloroform 0.01 ml. decoction prepared from a sufficient
quantity of recently ground roasmd coifec of commerce
and water to 5 ml. Dose. 5 ml.

627-m

Acepifylline. Acefyl]irte Pipemzine; Pipcrazine
Thenphyliine Ethanoate. Pipcrazine bis(theophyl-
lin-7-ylacetale).
(CgH,ON,O&,C,H(ONZ = 562.s.

CAS — 18833-13-I.

A white odourlesa crystalline powder with a bit-
ter taste. M.p. 260”. Freely solubie in water:
slightly scrlubie in alcohol. A 1070 solution in
water has a pH of about 1.

Adverse Effec@ TreatmetsG and Precautions. As
for Aminophylline, p.342. Acepifylline is con-
sidered to cause leas nausea and gastric irritation
than aminophylline and is better tolerated by
intramuscular injection.

Uses. Acepifylline is a theophylline derivative
which is used similarly to aminophylline (see
p.344).
[t may be given by mouth in doses of 0.5 to 1 g
thrice daiiy, by rectum as suppositories in doses
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~eanatal Therapy

34. S.M. was given aminophylline 6 mg (6 mgikg of amino-
phylline, 4.8 m@g theophylline) as an IV loading dose over
20 min. Maintenance doses of 1 mg Q 8 hr have been ordered.

f)escribe your pharmacotherapeutic monitoring plan for SM.
btclude monitoring parameters for efficacy and toxicity and
duration of therapy.

The goal of methylxanthine therapy in the treatment of ~pnea
of premwunty k to decrease the number of episodes of apneo and
bradycardia. Continuous monitoring of heart rate and respiratory
rate is required for proper evaluation. The time. duration, and se-

verity of episodes; activity of the infant; and any necessm-y inter-
vention performed should be documented. Relationships between

[heapneicepisodes and the feeding schedule and volume of feeds,

as well as the dosing schedule of theophylline (e.g., trough), should
be examined.

Apnea of prematurity usually resolves after 36 weeks postcon-
ceptional age: however, it may persist in some infants up [O or
beyond 40 weeks postconceptional age. 136Therefore. methyl xan-
thine therapy usually is discontinued at 35 to 37 weeks posrcon-
ceptional age provided that the infant has not been having apneic
spells.141Infants that require therapy for longer periods Of time

may be discharged home on methylxanthines with apnea moni[ors.
Toxicities noted in neonates include tachycardia. agitation, ir-

ritability, hyperglycemia, feeding intolerance, gastroesophageal re-
flux, and emesis or occasional spitting up of food. Tachycardia is
the most common toxicity and usually responds to a downward
adjustment of the theophylline dose. Tachycardia may persist for
one to three days after dosage reductions due to the decreased
elimination of theophylline-derived caffeine. Seizures also have
been reported with accidental overdoses. Methylxmtthine toxicity
can be minimized with careful dosing and appropriate monitoring
of serum concentrations. Serum theophylline concentrations
should be monitored 72 hours after initiation of therapy or after a
change in dosage. Serum concentrations of tbeophylline also
should be measured if the infant experiences an increase in the
number of apneic episodes, signs or symptoms of toxicity, or a
significmt increase in weight. In asymptomatic neonates, once
steady-state levels are obtained, theophylline concentrations may
be monitored every two weeks.

35. S.LM.now is 3 weeks old (32 weeks postconceptionai age)

and weighs 1100 gm. HIS septic work-up was negative. Cur-
rently S.M. has several apneic spells per day which respond to
tactile stimulation; his apneic episodes have not required ven-
tilator assistance. S.M. receives 1 mg aminophylline IV Q 8
br and his trough theophylline level this morning was 5.7
pg/mL. The medical team is considering switching S.M.’S the-
ophy[line therapy to caffeine because of possible improved ben-
efits. HOW does caffeine compare to theophylline with regard
to its pharmacokinetics, efficacy, and toxicity? What treatment
should be selected?

Pharmacokinetics. The plasma clearance of caffeine is consid-
erably lower ond the half-life is extremely prolonged in the pre-
mature newborn (see Table 96.2). The low clearance is a reflection
of the decreased neonotal hepatic metabolism and ~ resultant de-
pendence of elimination on the slow urinary excretion. [n the pre-
ter-mneonate, [he amount of caffeine excreted unch~nged in the
urine is S5?6, compared to less than 270 in adults.Adulturinary
nretabolite patterns are seen by seven to nine months of age. 154
The half-life Ui caffeine decreases with increasing postctmcep-
tionai ageljj Ind plasma clearance reaches adult levels ~t’ter3 to

- 4.5 months oflife.lsb AS a result of the maturationai changes. doses
usua]ly need to be adjusted at’ter 38 weeks postconceptlonal age
and dosing in[erva]s need to be shortened to eight hours after 50

weeks postconceptional age. !55
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Efficacy,Toxiciiy,and Dosing. Comparative studies have found
—

similar efficacy for rheophylline and caffeine in the control of ap-
nea of prematunty.lor~m C~ffeine, however. may have some ad-
vantages over [heophylline including m wider therapeutic index.

Adverse effects such as tachycardia, CNS excitation, and feeding
intolerance are reported more frequently with theophylline than
with cdfeine. The prolonged half-life ot’caffeine in premature ne-

[

#J~

onates results in less fluctuation in plasma concentrations and per- /
mits the use of a 24-hour dosing interval, Since the half-life is
prolonged and dosing requirements do not change quickly over
time. caffeine serum concentrations can be monitored less fre- ,,j>> -+=

-—quently~ai or lV loading doses of 10 mfig &taff&@a se@W J
mgkg of c-citrate), followed by maintenance --

m!glkg(5 mg/kg caffeine citrate) given dailv w~
W=&’-$a J

caffeine concentrations in the therapeutic range (5 to ?0 uit/mL .‘w
Although infants who are unresponsive to theophylline may re-

spond to caffeine,159 S.M.’S theophylline therapy presently is not
optimized; his serum concentration is less than 6 pg/mL. S.M,
appears to have partially responded to theophylline and may ben-
efit from m increase in the dose with resultant therapeutic serum
concentrations. S.M.’S aminophylline dose should be increosed
to 1.5 m: every eight hours to achieve serum concentrations of
around 8 pg/mL. Although caffeine may have several ~dvantages
over theophylline, the W product marketed in the U.S. is only
available as [he sodium benzoate salt. Benzoic acid has been as-
sociated with the gasping syndrome and also may dkplace bilirubin
from albumin binding sites.~35 Because of these toxicities, caf-
feine sodium benzoate should not be used in neonates. lt is pos-

sible, however, to compound an acceptable IV and oral caffeine
preparation. [m As for my compounded injectable preparation,
quality control must be done to assure sterility, stability, and lack
of pyrogen contamination. If the hospital currently is not com-
pounding an IV caffeine product, it could take months to institute
quality control measures.

Other Agents
36. SM’S dose of theophylline has been optimized and the-

ophylline serum concentrations now are 12.4 pg/mL. SM. con-
tinues to have apneic episodes. What other pharmacologic
agents can be used?

Doxapram, an analeptic agent, has been shown to be as effective
as theophylline for [he treatment of apnea of prematurity. 161,162
Due to the limited number of investigations and uncertain side
effects, however, the use of doxapram should be restricted to pa-
tients who are refractory to methylxanthine therapy. ‘U In addition,
the [V preparation commercially available in the U.S. contains
0.970 benzyl alcohol and should be used with caution. Although
doses are not well defined. a loading dose of 2.5 to 3 m@kg given
IV over [5 to 30 minutes followed by a 1 mg/kg/lrour continuous
infusion has been recommended. 1W163Doses may be increased
by 0.5 mg/kg/hour increments to a maximum dose of 2.5
m#kg/hour. ‘J4 Lower doses have been used in infants receiving
concomitant methylxanthine therapy with approximately jf)~o re-

sponding to IV doxapram doses of O.5 mg/kg/hour.lw A few stud-
ies have administered doxapram enterally; however, bioavailability
in preterm newborns is not yet well defined. lQ 16s Side effects
associated with doxapram include: increased blood pressure (usu-
ally with doses > i.5 m@kg/hour); lW G1 disturbances such as ab-
dominal distension, regurgitation, increased gastric residuals, and
vom]ting: m.i C,NS wiverse effects such as increased agitation,
excessive crying, jitteriness. irritability, disturbed sleep, and sei-

zures. Further studies of doxapram are needed in order to better
delineute its m.iverse effects and to help define its safety and effi-
cacy for the treatment ot’ apnea of prematurity.
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Stability of titrated caffeine
solutions for injectable and enteral
use

MARION G. EISENBERG AND NANCY KANG

Am J Heap Pharrn. 1984.41 .2405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide. 1 The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,

=~vides 10 mg active caffeine base per milliliter of
Mon. The procedure LIses bacteriostatic water to

dissolve the titrated caffeine powder, Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
teriostatic water,z we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparation for lnjecfable Use. Citrated caffeine
powder (purified, Mallinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, USP, 250 ml. The solution was transferred
into a w-ml empty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark. The solution was
filtered through a o.22-~m filter Set into another
500-ml EEC. The solution was then transferred into
Sterile lo-ml empty vials,

The vials containing the injectable titrated caf-
feine solution were autoclave at 121 “C for 15
minutes and allowed to cool. Each vial was labeled
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[nte~lve Gm ~d NAN~ KANG iS &istant Director for Quality
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and sealed with an IVA seal (U.S. Clinical Products,
Richardson, TX 75083). One viaJ was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stability
testing at time zero and at monthly intervals for four
months.

Preparulion for Enferu/ Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cher~ syrup in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay. Samples from the three
batches were taken on days 14,30,60, and 90, and
one batch was studied at day 120.

Assay Method, The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley.3 This method differentiates between caf-
feine peaks on the chromatogram and peaks made
by other methylxanthines such as theophyI1ine and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internal standard (a-h y-
droxyethyl theophylline 15 pg/ ml) in acetonitrde
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and FfPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transferred to a clean test tube
and evaporated to dryness. The residue was dis-
solved in methanol 75 pl, and 20 PI of the dissolved
sampIe was injected for the assay. The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard. Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was 290% of the original
intended concentration.

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of >90% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf-life to 120 days.
Two batches that were run in duplicate confirmed
our initial results. A third enteral batch was run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the laboratory and the phar-
macy. No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 were obtained on day 120 because of the smaIl
demand for the solution beyond the three-month
period.
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Notes Caffeine solutions

Table 1.
Caffeine Concentratlon$a (rng/ml) In Injectable and
Enteral Solutions

Sampling
Day %Idion 1 Solution2 Solution 3

Injectable
o 9.9 .

30 ;0,2 9.7 .,,
60 9.9 11.0

90 10.2 9.1

120 9.2 9.6

Enteral

o 9.5 8.6 10,8

14 10.1 9.0 10,0

30 10.4 10.0 10.0

60 9.7 96 11.2

90 . . . 8.7 11,4

120 10.0 ,..

a Concentrations reflect average value of each sample run; initial con-
centration was 10 mg/ml.

Tests for microbial growth were negative. Sterility
testing is performed for each new lot of injectable
caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Conclusion. Extemporaneously prepared Solu.
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.
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Pharmacist in paradise

CORDON G. MCGUIRE
AmJHrmp Pharm. 1984;412406-9

One of the numerous inducements for entering the

health profession is the idea that the universal need for
health care allows an almost unlimited choice of places in
which to practice. Unfortunately, opportunities to work
in exotic settings are extremely rare and finding a position
is more frequently a product of chance than of design.

This was true in my case, Practicing pharmacy on a
tropical island in the Pacific was mere fantasy: The reality
crept up on me. In the winter of 1979-80while I was em-
ployed as a staff pharmacist at University of California-
San Diego Medical Center, 1 heard about a pharmacy
teaching position in Micronesia.

A Federal Health Manpower Development Grant had
been funded that called for a multidisciplinary training
program to be centered on Ponape in the Eastern Caroline
Islands. It included a special provision from the National
Health Service Corps (NHSC) to have a group of health-
care professionals who could serve as on-site faculty. In
all, the NHSC agreed to provide six practitioners—an

GORmN G. MCCUIRE, PHARM. D , is a staff pharmacist, Uni-
versity of California-San Diego Medical Center, San Diego, CA
92103.
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internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimately, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this exotic
adventure enthusiastically. My decision was finalized
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating my concern about
finding work when the adventure was over.

Island Living

The most dramatic realization my family and I made
living in Micronesia was how many modem conveniences
we took for granted living in California. Now, eve~ time
I turn on a light switch or a faucet, I marvel at how de-
pendable these things are in the United States. During one
three-month period in Ponape, we had electricity only
from midnight until 7 a.m. because of a series of break-
downs among the island’s electrical generators. Our
telephone number had only three digits, never worked
when it rained hard, and really was not very dependable
in good weather either. Water, although a bit more reliable
than electricity, was turned off every evening, making
showering, dishwashing, and toilet flushing impossible
after 8 p.m. L:ke the electricity, the water service also had
shutdowns; however, they frequently lasted only several
days.
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Comparative Efficacy of Theophylline and Caffeine in the=’;.
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Treatment of Idiopathic Apnea in Premature Infants ‘:-.%.‘i
Christine Brouard, MD; Guy Moriette,MD;IaabelleMurat, MD; BernardFlouvat,PharmD;
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● Thapurpog. ofourproapacthm ran-
domlzed otudywas tocornparetho
- of Uwophytw!o othyfenedl-
Qmlna and caffelrro sodium cttrate In tfw
tmatmmt ofldlqmthkapnafn~
nratum Manta. SlxteorlInfantaWltfr
fhmoormomaevomaprrokattaclm-
atudkd. Wonty-four-hour cwdOreapi-
mtory mcctrdlngs Immecflatoty before
●nd after mndomfzatlon and four days
Mew ahowod slmltar ofgntint *
cma8eooftho apnea fmquoncyln both
theophytllrw (group 1, n= 8) ●nd caf-
felne-tmabd lnfant8 (group Z n= 8} No
Unddrablo *I* effocta H 0b8ervat,
except for tachycardfa In one Infant In
group 1. * suggest reaaons for pmfar-
rtng caffclrm to Uwophylllne In the con.
W of fdlofmthk apes In prwnatw
infants: cdfelno 19 S* oftfcknt ●nd
odor to admlntstor.

(A/DC 1SS5;1WS$WOO)

Theophy~e ia widely used w con-
trol apnea in prematww inbnta.’

Doses of theophylline must be chosen
carehlly, and-the serum theoph ylline

concentmtion must be monitored reg-

ularly to avoid theophylline toxicity.’

This risk and the occurrence of trou-

blesome side effects in some cases’
make the use of theophylline rather
problematical.

We have previously confirmed that
caffeine is also effective in controlling
apnea.’

The present study was designed to
compare the efficacy of both theophyl-
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line and caffeine in the treatment of

recurrent idiopathic apnea in prem-

ature infkntl!l.

PATIENTS AND METHODS
P8tbnt Se@ctfon

Apneic cpelta in premature infanta
treated in our neonatal intensive care unit
O%t-Royal Hospital, Paria)were detected
during routine csrdioreapiratory mordtor-
ing. In those inhta with apn~ 24-hour
Cardioreapimtory recordiqp mewtett
Packard mdel 78260 A) enabled ua b
identify severe apneic at.kka, de5ned aa
ceaeation of breathing for mom than 10 s,
with heart * below W teata per minute
formore than 30sorbelow 80 beJM43p@
minute for more than 16 s.’

Infanta with three or more severe apneie
attacka within this &at recoding period,
Whichwascanal”dayo,”werecocaidered
for entry to the trial. Intbti with ● hewn
cau8e d apnea an&or abnormal conditions
other than apnes, however, were carefully
excluded before randomi40n. Thus, the
following abnormalities were ruted OUC
reaph&y diatreaa andlor hypoxe~
patent ductus arteriosua; anemiiy meta-
bolic abnonnalitiea (blood glucose con-
centration, <40 mg/dL; plasma calcium
level, <8 mgldL; plasma bilirubin level,
>10 mg/dL); infection; neurological ~d
electroencepttalographic abnormalities;
and intracranial hemorrhage (using ultra-
sound). Infanti requiring oxygen were not
included in this study.

During the 24-month period of the study,
16 pretertn irtfanta met these criteria and
were admitted to the study titer parental
consent had km obtained.

Procedure

Infantsenteringthetrialwererandomly
assigned to the theophylline-treated
(group 1) or the caffeine-treated (group ‘2)
group The corresponding treatment was
started immediately after mndotition.

In group 1, a loading dose of 5.5 mg/’kg of
aminophylline (theo~hylline ethylenedi-

amine) was i4jected intravenously. FbI
rneaaurementd d ptamna concentratkxu
theophylline during the next eight hou
enabled evacuation in each case of tl
proper maintenance dose, which was @m
every eight hours either rntravenoualy
O-y. kfaintenance doaea (nmge, 0.8 to 2
mg~ every eight hours) were adjti
thereafter accoxding to plasma levels
tkphylline, which we aimed to mainta
betwwm 5 to 10mg/L.

In group 2, a loading dose cf caffeh
sodium citrate (20 m@g) wan injected u
tramuscdariy (0.8 tig, outer part dtl
thigh] ‘l%e daily maintenance dose
5 mgkg, which waa given orally, was aim
w maintain the caffeine plaarna level b
tween 8 and 16 u@. Ptaama lewdc
caffeine WeXW!neaauAH houraaftertl
loadingdoae~ffmr+~.

Ptawnatheophylline and caiYeineconce
tratkmaweredetembd by high-perfort
ante liquid chromatography on 100 PL
plaalrm’

Ebr ttteophylline levelc of5 and 15mgfi
the W.erday” coet%cientsof variation we]
4.2% (n=30) and 3.36% (n= 25), respe

tively.
Fbr caffeine levefa of 5 and 15mg/L,t)

correspondingvalueswere 4.7% (n= 3
and 4.1% (n= 25), respectively.

We compared the efficacy of both druj
using Cardiorespirographic recording
which were performed during the 24 hou
following the loading dose (“day 1“) a]
again four days later (“day 5“).

In each 24-hour recording period (days
1, and 5), we calculated the “apnea fr
quenc~ defined as the average number
severe apneic attacks per ltll minutes. T!
apnea frequencies on days O, 1, and 5 we
compared for both groups using differe
methwls: (1) three-way analysis of varian
for apnea frequencies and day, taking in
account the subject hctor nested in da
and (2) the t test with the rem u varian

for differences in apnea frequencies b
tween days Oand 1and between days Oa)
5. Restdta were expressed as mean ~ SE?

We looked for possible adverse effect.a

Idiopathic Apnea- Brouard et
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the trestmenta by repeakd clinical ex-
amination and by following weight curves.

RESULTS
Group Comparisons

Sixteen ini%ntawere admitted to the
study. Eight wem treated with the-
ophylline @up 1) and eight were
treated with caffeine (group 2} There
waa no aignifkant difference be-
tween the two groupa for gedational

age @W 1, 30.6*0.4weeks;group
2, 30.6 AO.7 weekak birth weight
(r. .TP ~ 1.250t0.074 & gNNlp 2,
.~-< qLloll@ poatnatd age at trial

.~ 1, lL7t L9 &y& gI’OUP 2,
lL6k 2.8 dayal or apnea frequency on
day O (group 1, 1.02~0.4; group 2,
l.~ ~ O.n ~ble}

h compared k day O, the 24-hour
recordings on day8 1 and 5 showed
significant decreases of the apnea fre-
quency in both theophylline-treakd
(group 1) and caffeine-treated infknta
(group 2) (P<.ool) (Figure).

There were noaigniilcant differences
in the f%quency of apnea between the
two groups, on days O, 1, and 5.

In group 1, the mean plasma level of
theophylline was 4.99*0.36 mg/L on
day 1 (four hours following the loading
dose). Using different maintenance
doses (range, 0.8 to 2.5 mg/kg every
eight hours), the mean plasma level on
clay 6 was 6.50* 0.29 mg/L. We looked
for transformation of theophylline into
caffeine in five infanti of this group,’
and found caffeine plasma levels from
0.97 to 4.10 mg/L with theophylline
levels from 3.06 k 21.2 mg/L (20 blood
samples]

.- Pup 2, the mean pkma levels of
ne were 12.&5*l.32 mg/L on day

.-id hours after the loading dose).
Us@g the standard maintenance dose

1.5.

&
E

L——I==i~—
0 1 5

- 1.
L

~

0 1 5

Days

EWuliOn ofapnea frqwncy (number dstwm iwwawrlOOmkWa)h thO@@w
habd (~ left) and @bineb@ed (@ fight) infants. Apnea frsquencydemasesfmlndaysoto
1(P<.001) and from days Oto 5 (R.001) in both groups.

of caffeine (5 mg/kgJ the mean plasma
level on day 6 was 12.74*0.28 mgL.

Adverse Effects

No adverse effects were observed
before day 5 in either gmmp After
completion of the study, tachycardia
(heart mte between 165 and 210 beata
per minute) was observed during 24
hours in one theophylline-treated in-
tknt on day 6. The maintenance dose
that had been given to this infant was
0.9 mgkg every eight hours. The cor-
responding theophylline plasma level
was 2L6 mg/L.

No adverse effect was observed in
caffeine-treated infants..

COMMENT

We designed the present study to
compare the efficacy of theophylline
and caffeine in the treatment of recur-
rent idiopathic apnea in premature in-
fants.

Our previously ?mtrol14 study’ had
shown that caffeine decreases signifi-
cantly the incidence of idiopathic
apnea in premature infants. This effi-
cacy had been demonstrated for both
severe apneic attacks (aa defined in the
present study) and for milder forms of

apnea. In contrast with the treated
group, the apnea frequency did not

change fromd~sOtolandfrom daysO
to 5 in the control grouFLMowver,in
aixofnineittfhnta intbiacontroigrou~
a treatment had to be started because
of recurrence of severe apneic attacks:
the first two infants had to be intu-
bated, and cafYeine was used in the
four others (effects of this treatment in
such “control” babies were not in-
cluded in the study ).*
We had established, thus, that the

spontaneous course of severe apneic
attacks usually was not favorable, and
that caffeine was able to change it.
When we designed the present study,
therefore, we found it unethical to
include a contrcd group This present
study confirms the efficacy of both
theophylline and caffeine in the treat-
ment of the most severe forms of ap
neic attacks. We did not assess the
efficacy of either treatment on milder
forms of apnea, the frequency of which
is like[y to decrease with both drugs,
as it does with caffeine.’

In comparing the efficacy of these
two xanthines on severe apneic at-
tacks, we could not demonstrate any
difference between the two xanthines.
~US, Simik decrasea of apnea fre
quenci~s wem observed in both groups
from days O to 1 and from days Oto 5,
and no significant difference could be

i’
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apnea indexes on* O,i, UJ Swwe
compared.

Both theophyllineand caffeine
provedb besafe,asdemonstxited by
the absence of any complication or
severe adverse effect. Weobemxlno
signsofexcessivecentinervous sys-

tem stimulation, such as jitteriness or

seizures, no abdominal distention or
related problem, and no influence of
the treatment on the weight curve.

It was Ieaa cay, however, to w
theophyfIine than caffeine. The half-
Lifeof theophyfline was shorter (mean,
19.5 ~ 3 hours; range, 16 to 25 hours in
our infknta) than that of caffeine
(66.1*10.7 hours}’ Wechose therefore
to give theophylline three times a day,
as opposed h once a day for caffeine.
Usingthesamedoses,plasmalevelsnf
theophylline were variable. ‘l%is is a

1. Ann& JV, ‘lhrmea T Metbylxsnt.hines m
apnea d prematurityClin Rmina14# WS#ST-
106.

Z StmoIM FER, Rigatt.o H, S- KJ: Phar-
IrMcO&etim & theopbyuine in rlwllata. sells
F%AUa&/ IW5:W446.

3. Hunt 1, Moriette G, Btin MC, et A The

iOXiC]evebarecb)ee.Uaing-theophyl-
iine,plasmalevelsofboththeophylline
ad caffeine,therefore,haveh be
repeatedlymeasuredto allowfordos-
age adjustment.

Despite these adjustment, how-
ever,the plasma theophylline level was
too high (21.3 mg/L) in one infant who
had tachycardia.

Since we completed our first study,$
we have been using caffeine routinely
to treat apnea In this experience, as
well as in the present study, the in-
tramuscular route has been used to
inject the loading dose. It did not
induce any local reaction, despite the
acidity of caffeine, perhaps because
the volume injeeted is very small. We
never observed any severe adverse ef-
fect of caffeine, the toxicity of which
appeam very low. The ease of obtain-

Referenats

e5cacYdeaa*tit3e~td FecUrlWt
idiopathic SpoeJ in premature inrantJ.J Pufiatr
Mll,s%w.

4. Midha m Sved S, Hoeaier RD,et al:High.
performance w~Pti~-
spedJ’oIMti identiiktion & difnetbylxanthine
metabotitAM& cafYeinein hamanplwuu Bimed

.’. ,t. \ -. .,.
. . . . .. ..-

4‘&&&y~h& W7kla’jih?’
iaffeh6 once a daj is in contrast WI
the di.ffictdtiaofusingtheophyl
Becauaedosageadjustmentisnw
requiredandtheriskappearsminim
wethinkthat,followingthefu-stf~
daysoftreatment,theplasmacaffe
leveldoesnothaveh bemeaaur
moreoftenthanoneh twotima
week.

In conclusion, we suggest that c
feine, which is no less efficient th.
theophyllirte and is easier to us
might be the drug of choice for initi
treatment of apnea in premature i
fknta.

‘l%ie study me supporbd by the Unit-4 d’E
eeigaement et de Recberche Rm4 Lhcar&a

We gratefdy mknowledge the wietnce
Claude Gaudebout (lNSERM U. t3) for sti
tial analyeie. We thank Fra@ae Morel-Ka
A the aecretuies for their help
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6. Bory C, Babsaat P, Porthaolt M, et ;

Metddiem d theophylliae to caffeine in pr
mature Oewborn i.m%ntd. J Pediufr 1979;94.%
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Book Review—----- .—---- .

lbpia in Neonatal Neudogy, edited by Harvey B. Sarnat, ‘2S9PB with
illus, New York Grune & Stratton Inc, 1%4.

This text was conceived as a selection of topics in neonatal
neurology in which there have been recent rapid advances in
knowledge. Seved topics are discussed by more than one
contributor. The book appears h be targeted mainly toward
neurologisfi involved in the care of newborns, although
neonatologists will certainly appreciate many of the topics.

The varieties of neonatal seizures are described under
three topics: the diagnosis and management of hypoxia-
ischemia, the electroencephalogram (E EG) in the neonatal
period, and neonatal seizures. In the latter, the impotit
role of the EEG in the identication of subtle seizures is
stressed, and it is emphasized that stereotyped movements
and generaliiwd parasympathetic discharges are common
release phenomena and rarely represent true seizures, as
reflected by E EG ictal activity.

Perinat.al cerebral hypoxia-ischemia is discussed as two
topics. The section on pathogenesis and neuropathology
focuses on traditional pathologic concepts and on more
recent ideas of abnormal cerebral blood flow and perfusion.
Current concepts of the causes of periventncular and

intraventricular hemorrhage-in particular, alterations
cerebral blood flow and capillary injury-are outlined
another section.

Neonatal bilirubin encephalopathy and hyperammon
tic encephalopathies are discussed as separate topics, w
there is a section on the necrologic complications of me
ingitis.

The pathophysiology of idiopathic apnea of prematurity y
reviewed with emphasis on ~pid eye movement physiolog
although, as correctly stated in a subsequent section,t
rapideyemovement state is not fully developed in the ve
premature infant. A discussion of ultrasound in the dia
nosis ofdevelopmental defects and cerebral ischemic Iesio
would have been useful.

I recommend this book to anyone concerned with t
neurological care of the newborn as a sound update
mwent advances in this rapidly changing area.

SUZANNE L. DAVIS, MB, CF

Departments of Pediatrics a
Neurology

University of California, Da’
Sacramento, CA 95817

..-= I
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ClaxO Incorporated. Ventolin Inhaler package insert Fort
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1977.

Stability of citrafed caffeine
solutions for injectable and enters
use

MARION G. EISHNBERC AND NANCY KANG

Am J Hosp Phmrn. 1984.412405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide, ] The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,
,... wides 10 mg active caffeine base per milliliter of

.-~ ltion, The procedure uses bactenostatic water to
slve the titrated caffeine powder. Because of

recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
teriostatic water,2 we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparu(ion for injectable use, Citrated caffeine
powder (purified, Mallinckrodt, Incorporated, St,
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, USP, 250 ml. The solution was transferred
into a SOO-mlempty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 50 fJ-ml mark, The solution was
filtered through a 0,22-~m filter set into another
~-ml EEC, The solution was then transferred into
Sterile 10-ml empty vials.

The vials containing the injectable titrated caf-
feine solution were autoclave at 121 ‘C for 15
minutes and a]]owed to cool. Each \’ial was labeled

MARION C EISE\BFRC IS Clln]cal Pharma~ Coordinator for

Interiwve Care and N 4XC> LvJc IS %ststanf Director for Qual]~
kurance, Department of Pharmacv Senlces, Children’s Hos-

pital Nat,onal himf)cal Cen!er, \\’ashington DC
Address reprint requests to Ms Elsenberg at the Department

of Pharmacy Sem]ces, Chi]dren s Hospital Na!lonal Medical
Center, 1] 1 M)chlgan Avenue, N. W., W’ash]ngton, DC 20010

~nted at the lQth Annual ASHP Mdyear Chn,cal Meehng,
+ anta, r~rgta, December 6, 1983

cOpVllgtit@ 1’984,,Amencan Society of Hmsp]tal Pharmacists,

kc. All rights reserved 0002-9289/84/1101-2405$0050. .~,..

and sealed with an IVA seal (U.S.Clinical Products,
Richardson, TX 75083). One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stabillty
testing at time zero and at monthly intervals for four
months.

Preparation /or Enters/ Use. Citrated caffein~ pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cher~ symp in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay, Samples from the three
batches were taken on days 14, 30,60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as describsxf by Ou and
Frawley.3 This method differentiates between caf-
feine peaks cm the chromatogram and peaks made
by other methylxanthines such as theophylline and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internal standard (a-hy -
droxyethyl theophylline 1.5pglml) in acetonitrile
(HPLC gmde) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transfemed to a clean test tube
and evaporated to dryness, The residue was dis-
solved in methanol 75 PI, and 20 PI of the dimived
sample was injected for the assay. The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard, Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was 2907 of the original
intended concentration,

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of 290% of
intended concentratiort are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one en-teral batch indicate the pos-
sibility of extending usable shelf -llfe to 120 days.
Two batches that were run in duplicate con[~rmed
our initial results. A third enteral batch was run
because of slight deviatmn in results for our second
batch

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the iaborato~ and the phar-
macy. No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 ~rere obtained on day 120 because of the small
demand for the solution beyond the three-month
period.

Vol 41 NOV 1984 .Amel-ican Journal of Hospital Pharmacy 2405
.:, .



...

..-=’%,”

_A..

,,,.

Notes Caffeine solutions

Table 1.
Caffeine Concentratlonss (mg/ml) in Injectable and
Enleral Solutlona

Sampling
Day Solurion 1 solution 2 Solution 3

Injectable
o

30
60
90
120

Enteral

o

;;

60

90

120

10,2
99

10.2
9.2

95
10.1
10,4
9.7

100

99
97

110

9.1

9.6

8.6
90

10.0
96
87

Tests for microbial growth were negative. Sterili~
testing is performed for each new lot of injectabl~
caffeine that is compounded by the pharmacy; th~
product is quarantined for 14 days before use, tf
await final cultures.

Conclusion. Extemporaneously prepared solu
tions of titrated caffeine in sterile water and in SyIUF
are stable for at least three months.

References
10.8

100
10,0

11.2

11,4

a Concentrations reflect average value of each Wmple run. Initial ccm-
centralion was 10 mg/mL
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Aranda JV, Turman T, Methylxanthines in apnea of prema.
turity C/nr Pmrrtrto[. 1979; 6:87-108,
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acetaminophen, saficylate, acetylsalicylate, procainamide, and
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REFLECTIONS

Pharmacist in paradise

GORDON G. MCGLTRE

Am J Hosp Pharm. 1984, 412406-9

One of the numerous inciucements forenteringthe
health profession is the idea that the universal need (or
health care allows an almost unlimited choice of places ]n
which to practice, Unfortunate Iv, opportunities to work
in exotic settings are e.ktremelv rare and finding a position
IS more frequently a product of chance than of Cfeslgn,

This was true in my case. Practicing pharmacy on a
trop]cal island In the Pacific was mere fantasy The reality
crept upon me, In thewlnteroi 1979-80 while I was em-
ployed as a staff pharmacist at L.”niversity of Call fornla -
San Diego Med]cal Center, I heard ~bout a pharmacy
teaching pos]tion in ?dicronesla,

A FederalHealthManpower Development Grant had
been funded that called for a multldlsclplinary tralnlng
program to be centered on Ponape ]n tl Lstern Caroline
Islands It [ncluded a spec]ai provlslon from the National
Health Service Corps (XHSC) to hT:e a group of health-
care professionals who could jerve as Ort-s]te faculty [n

all, the ,\HSC agreed to provide six practitioners—an

GORDON G MCGLIRF. PH.ARM D IS J ;r~ff ph3rmac)st, Un, -
vemlty of Call forn!a-San I)lego \{ed Ical Ctnter, San Diego, CA
9~lo3

2406 ,American Tournal of Hosnltal Pharmacv VO1 41 \’ov-r . 1

internist, a pediatrician, an obstetrician-gynecologist, a

surgeon, a dentist, and a pharmacist. UltimateIv, all po-

sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle, My wife and 8-year-old son accepted this e~otlc
adventure enthusiastically. My decision was final lzed
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating my concern ~bout
finding work when the adventure was over

Island Living

The most dramatic realization my fam]iy and I m~de
living In Mic-rones]awas how many modern convenlrnces
we took for granted living in California. NOW, everv time
I turn on a light switch ora faucet, I marvel at h~w cle-
pendable these things are [n the United States During one
three-month period in Ponape, we had elect rlclt~ onl\
from m]dnight until 7 a.m. because of a series ot break-
downs among the Lsiand’s electrical generators. Our
telephone number had only three digits, never worked
when it rained hard, and really was not very dependable
in good weather either. Water, although a bit more reliable
than electricity, was turned off every even]ng, making
showpring, d]shwashing, and toilet flushing im.possible
~fter S p m Like the electr]c]ty, the water service also had
shutdowns, however, they frequently lasted only several
dJys.

984
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Stability of titrated caffeine
solutions for injectable and enteral
use

MARION C, EISENBERG AND NANCY KANC

Am J Hosp Phmn. 1984,41 .2405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide. [ The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at Montreal
Children’s Hospital in Montreal, Quebec, Canada,

.nvides 10 mg active caffeine base per milliliter of

.ri: ition. The procedure uses bactenostatic water to
.soIve the titrated caffeine powder. Because of

recent information regarding toxicity in preterm
infants of benzyl alcohol, the presenative in bac-
tenostatic water,z we used Sterile Water for Injec-
tion, IJSP, in Our formulation.

Preparation for )rrjecfable Use. Cit rated caffeine
powder (purified, Mallinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, Usp, 250 ml. The solution was transferred
into a 500-m] empty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark. The solution was
filtered through a 0.22-pm filter set into another
5o0-ml EEC. The solution was then transferred into
Sterile 10-ml empty vials.

The vials containing the injectable titrated caf-
feine solution were autociaved at 121 ‘C for 15
minutes and allowed to cool, Each ~’ial was labeled
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and sealed with an IVA seal (U.S. Clinical Products,
Richardson, TX 75083), One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stabiIity
testing at time zero and at monthJy intervals for four
months.

Preparation for Enterui Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cher~ syrup in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay. Samples from the three
batches were taken on days 14, 30, 60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley.3 This method differentiates between caf-
feine peaks on the chromatogram and peaks made
by other methylxanthines such as theophylline and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internaJ standard (cz-hy-
droxyethyl theophylline 15 Pg/ml) in acetonitrile
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30 sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifugal for five minutes at 3000 r.p.m., and
the bottom layer was transferred to a clean test tube
and evaporated to dryness. The residue was dis-
solved in methanol 75 Pl, and 20 PI of the dissolved
sample was injected for the assay. The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard. Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was Z90?t of the original
intended concentration.

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of >90% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days. Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf -llfe to 120 days
Two batches that were run in duplicate confirmed
our initial results, A third enteral batch was run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the iaboratoq’ and the phar-
macy, No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 were obtained on day 120 because of the small
demand for the solution beyond the three-month

period.
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Notes Caffeine solutions

Table 1.
Caffeine Concentratlonsa (m#ml) In Injectable and
Enteral Solutlone

Sampling

Dav solution 1 Solution 2 Solution 3

Inleciable

o

30

60

90

120

Enteral

o

14

30

60

90
120

10.2
99

102
9.2

95
101
104
9.7
;OO

99
97

11.0

91

96

86
90

100
96
8.7

10.8
10.0
100
11.2
114

SConcentrationsref!ectaverage value of each sample run, Mal con-
centration was 10 mg/ml.

Tests [or microbial growth were negative, Sterili~
testing is performed for each new lot of injectable
caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Conclusion. Extemporaneously prepared SOIU.
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.
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Ou CFJ, Frawley VL, Theophylline, dyphylline, caffeine,
acetaminophen, SaIicylate, acetyisalicylate, procainamide, and
N-acetyl procainamide determined in serum w[th a single

Iiquid-chromatographic assay. C/in Chem. 1982; 28:2157-60.
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Pharmacist in paradise

GoRDO~ G, MCGLIRE

Am JHwp Pharm, 1984, 412406-9

One of the numerous inducements for entering the
health profession IS the Idea that the universal need for
health care allows an almost unlimited choice of places In
which to practice, Unfortunate Iv, opportunities to work
in e~otic settings are e~tremeiy’ r;re and find]ng a posihon

IS more trequentlv a product of chance than of design.
This was true ]n my case Practicing pharmacy on a

tropical Island In the Paclf]c was mere fant~sy The reality
crept upon me In the winter of 1979-80 wh]le I was em-
ployed as a staff pharmacist at Unlversttv of CJll(ornla -
San Diego Mecllcal Center, I heard ~bout a pharmacv
teaching position In %licrones]a

A Federal Health kfanpower Development Grant had
been tuncicd that called for a multlci]sc]pllnary [ralnlng
program to be centered L~n ponape lfl the ~Stt?rII cJrOiltIe

[slands. lt included a spemal provision from the Ydt]onal
Health St=rv)ce Corps (XHSC) tohave a group c>fhealth-
care professionals who could wrve M on-s]te facultv In
all, the .NHSC agreed to provide six practlt]c~ncrs —an

2406 American J~lurna~ ~lf Hosp~tal Pharmacy Vol 41 Xov 1984

internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimately, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this e~ot]c
adventure enthusiastically. My decis]on was finalized
when the Medical Center agreed to grant me a two-yeJr
leave of absence, thus alleviating mv concern Jbout
finding work when the adventure was over

Island Living

The most dramatic realization my famliv Jnd I made
Ilvlng In Micronesia was how many modern conveniences
we took for granted livlng ]nCa Iifornia. Now, everv time
I turn on a Ilght switch or a faucet, [ marvel at h~w de-
pendable these things are in the United States During one
three-month period in Ponape, we had electricity onlv
from mldnlght unt]l 7 a.m. because 01 a ser}es ot’ brt’Jk-
downs among the island’s electrical generators. Our
telephone number had onlv three d]g]ts, nevrr worked
when it rJ]ned hard, and rea]ly was not very dependah[e
in god weather either. Water, although a blt more reliable
than electricity’, WJS turned off every evening, mak]ng
sho”wer]ng, dlshwashlng, and t[~llet (Iush]ng impmslble
Jfter ~ p m Like the electrlclty, the water service also had
$hu:d.’wns, however, they frequently iJsted only se~rer~l
davs
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— A. INGREDIENT NAME;

CANTHARIDIN

B. Chemical Name:

2,3 Dimethyl-7-Oxabicyclo [2.2. 1.1 Heptane-2,3 Dicarboxylic Anhydride

C. Common Name:

Canthacur, Cantharone, Verr-Canth. Canthacur-PS; Cantharone Plus, Verrusol

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Result: The Ill Spectrum exhibits the at WIOl 800, which is typical of Anhydrides and it
cotiorrns with the data reported in literature [Storlq G:van Tarnele~ E. et. al, J Am Chem
Sot. 75,388 (1953)]

~’.-.

E. Information about how the ingredient is supplied:

Colorless glktening or orthorhomibic plates, scales

F. Information about recognition of the substance in foreign
pharmacopoeias:

span.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Rosenberg E. W., Amonette, R. A., and Gardner, J. H. Cantharidin treatment of warts at
home (letter). Arch Dermato/, 1977; 113(8):1134.

Harwell, W. B., Buchan~ Jr., R. N., and Hamilton, J. R. Foot Care. 1 Tennessee Med
Assoc., 1978; 71:830.

Rosenberg, E. W., Amonette, R. A., and Gardner, J. H. Foot Care. Arch. Dematol.,
1977; 113:1134,
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H. Information about dosage forms used:

Liquid
Apply dhctly to the lesion and cover the growth completely.

I. Information about strength:

0.7%

J. Information about route of administration:

Topically

K Stability data:

Melts at about 216-218°. Sublimes at about 110°with some fumes.
Stable

L. Formulations:
___

M. Miscellaneous Information:

Page -2-
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CANT~~

2,3 DIMIXHYL-7-O~ICYCLO [2.2.1. 1 HEPTANE-2,3 DICAR.BO~IC ANHYD~EY 8—

BATCH No. :2C/97

Appearance :

Identification
Thin-Layer
Chromatog@v

Ir&red speetrum:

_-=

GLC

Melting point:

Residue on ignition negligible

Colorless glistening orthorhomtic@@s .~

Silica Gel Plate Merck 60F254
Eluent: CH12C12MeOH: H2@86.5: 10:0.75
Deteetion: Iodine-sainted chamber the spots are fixed with starch solution

Result: 1 single spot with Rf Ca. 0.76. The product is
Chromatopptiauy pure

Me&rn:KBr Tablet
concentration: 1/300

Appw~:Perkin-Elmer

(

Result: The R SpeCUUIU

P
)

exhibitsthe at WN>1800,which is typical of Anhydrkks and it
conformswith the data reportedin literature [Stork G:van
Tameleu E. et al, J Am Chem See. 75,388 (1953)]

Solution O.1% in Ethyl Acetate,4 rnicroli~ are injeetd.
column: Chromosofi W 100/120meshOV
173?40(Methyl-Phenyl Silicone 50:50), leng& 2m.

I!!@!2L 250C I/
Detector 250C
TemumXure: 1200C-1800C, 100C/minute

Result: 1 single pealL no side peaks. The product is GLC-puR.

found 216”C,
(sealed tuk

required by BPC:

uncorrected) 216-218°C

req.ired by BPC less
th~ 0.1 per cen~

/2/77

-“---- /

.

THE ABOVE TEST RESULTS HAVE BEEN OBTND BY OUR .MANUT.ACTLWWSLTPLER’OR IN OUR QUALITY CONTROL LABOIL4TORY.

THE DATA IS PROVIDED AT THE REQUEST OF AND FOR THE COWEWNCE OF THE CUSTO~R AND DOES NOT REIJIWE THE CUSTOMER
OF ITS RESPONSIBIL~ TO VEW H’. THIS ILYALYSIS IS NOT TO BE CONSTRLZDAS A W

ANLANTY.EXPRESSEDOR rh4PLIED

. _—-



.-.
QUALITY CONTROL REPORT

CHEMICAL NAME. :CANTHARIDIN

MANUFACTURE LOT No. :2c/97

PHYSICAL TEST

sPECIFICATION TEST standard. :usP /BP_/~RCK_/NF_/~T._/coO ‘pEcso—o—

l)DESCRIPTION .:
COLORLESS GLISTENING OR ORTHORHOMBIC PLATES,SCALES.

2)SOLUBILITY. :
INSOLUBLE IN COLD WATER,SOMEWHAT SOLUBLE IN HOT WATER.ONE GRAM
DISSOLVES IN 40ml ACETONE,65ml CHLOROFORM, 560ml ETHER, 150ml ET-

HYL ACETATE.SOLUBLE IN OILS.

--- 3 MELTING POINT.:

k4
MELTS AT ABOUT 216-218 degree.SUBLIMES AT ABOUT 110 degree WITH
SOME FUMES.

4)SPECIFIC mwTY.:

5)IDENTIFICATION. :
A)COMPLIES AS PER IR SPECTRUM CO.SPECS.

PASSES. :

COMMENTS. :

FAILS .:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST,: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :



_#-% ------------------ IDENTIFICATION -------------------
PRODUCT #: C7632 NAME: CANTHARIDIN
CAS #: 56-25-7
ME CIOH1204

SYNONYMS
CAN * CANTHARIDES CAMPHOR * CANTHARIDIN * CANTHARIDINE *

CANTHARONE *
EXO-1 ,2-CIS-DIMETHYL-3,6 -EPOXYHEXAHYDROPHTHAL1C ANHYDRIDE * 2,3-

DIMETHYL-7-0XABICYCLO(2 .2, 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE *
4,7-

EPOXYISOBENZOFURAN-l ,3-DIONE, HEXAHYDRO-3A,7A-DIMETHYL-,
(3 A-ALPHA,4-

BET~7-BETA,7A-ALPHA) * HExAHYDRo-3&7A-DIMETHYL-4,7-
EPOXYISOBENZOFURAN- 1,3-DIONE * KANTHARIDIN (GERMAN) *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: RN8575000

7-0XABICYCLO(2,2. I)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE, 2,3-DIMETHYL-

TOXICITY DATA
ORL-HMN LDLO:428 UG/KG 34ZIAG -,646,69

.-. IPR-MUS LD50: 1 MG/KG JAFCAU 35,823,87
REVIEWS, STANDARDS, AND REGULATIONS

IARC CANCER REVIEW: ANIMAL LIMITED EVIDENCE IMEMDT 10,79,76
IARC CANCER REVIEW: HUMAN NO ADEQUATE DATA IMEMDT 10,79,76
IARC CANCER REVIEW: GROUP 3 IMSUDL 7,56,87
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
CARDIAC (ARRHYTHMIAS)
SKIN AND APPENDAGES (TUMORS)
TUMORIGENIC (NEOPLASTIC BY RTECS CRITERIA)
TUMORIGENIC (EQUIVOCAL TUMORIGENIC AGENT BY RTECS CRITERIA)

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS)

DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE
INFORMATION.

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE FATAL IF INHALED, SWALLOWED, OR ABSORBED THROUGH SKIN.

VESICANT.
CAUSES BURNS.

n MATERIAL IS EXTREMELY DESTRUCTIVE TO TISSUE OF THE MUCOUS
MEMBRANES



~ THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



.- SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------
STABILITY

STABLE.
CONDITIONS TO AVOID

LIGHT SENSITIVE
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR,

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

EVACUATE AREA.
WEAR PROTECTIVE EQUIPMENT.
CAREFULLY SWEEP UP AND REMOVE.

——- VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS
COMPLETE.
WASTE DISPOSAL METHOD

INCINERATE IN A FURNACE PROVIDING ENVIROWNTAL REGULATIONS
PERMIT.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

NIOSH/MSHA-APPROVED RESPIRATOR.
USE ONLY IN A CHEMICAL FUME HOOD.
COMPATIBLE CHEMICAL-RESISTANT GLOVES.
CHEMICAL SAFETY GOGGLES.
FACESHIELD (8-INCH ~.
VERY TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.

CAUSES BURNS.
POSSIBLE RISK OF IRREVERSIBLE EFFECTS.
IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE

POSSIBLE),
WEAR SUITABLE PROTECTIVE CLOTHING, GLOVES AND EYWFACE
PROTECTION.
DO NOT BREATHE DUST.
POSSIBLE CARCINOGEN.
VESICANT,



- AND UPPER RESPIRATORY TRACT, EYES AND SKIN
TNI-IALATIONMAYBE FATAL AS A RESULT OF SPASM, INFLAMMATION AND

EDEMA
OF THE LARYNX AND BRONCHI, CHEMICAL PNEUMONITIS AND PULMONARY

EDEMA
SYMPTOMS OF EXPOSURE MAY INCLUDE BURNING SENSATION, COUGHING,

WHEEZING, LARYNGITIS, SHORTNESS OF BREATH, HEADACHE, NAUSEA AND

VOMITING.
CHRONIC EFFECTS

PROLONGED CONTACT CAN CAUSE:
CHEMICAL PNEUMONITIS.
PULMONARY EDEMA, EFFECTS MAY BE DELAYED,
SEVERE GASTROENTERITIS, NEPHRITIS, COLLAPSE, DEATH MAY OCCUR. *

POSSIBLE CARCINOGEN
FIRST AID

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS
CONSCIOUS

CALL A PHYSICIAN
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

-

FOR AT LEAST 15 MINUTES REMOVE CONTAMINATED CLOTHING AND

SHOES CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR. IF BREATHING BECOMES DIFFICULT,
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15MINUTES, ASSURE ADEQUATE FLUSHING BY SEPARATING

THE EYELIDS WITH FINGERS, CALL A PHYSICIAN.
ADDITIONAL INFORMATION

*MERCK INDEX, ELEVENTH EDITION (SIGMA PRODUCT M2404).
-------------------- PHYSICAL DATA --------------------

MELTING PT. 216 TO 218’C
VOLUBILITY: ACETONE-SOLUBLE CHLOROFORM-SOLUBLE

WATER-INSOLUBLE
APPEARANCE AND ODOR

SOLID.
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.
WATER SPRAY.
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1882 Product Information

Seatraca-Cent. I the~beenceof irratrumenrs makes it eapaciall
I useful for treating children. See Dosage am
I .MnrirristmtIon section for specific dir&tion

decongestanteffect of ceeudoeohedrineon the for use.
swollen mucosa of the “mgpira&y tract, Guaj. I bntin~mtio~ Cantharone@ is no
fenesin, an ether, is capable of &ing partialh
eliminated by way of the expired air, and ~
therefore able to exert a local expectorant ac
tion in the respiratory passage. Guaifeneeir
makes expectoration fi-eer and easier. becaw
the respiratory tract secretions ace made mon
fluid and thereby more easily expelled.
Indicatiorm Vereacqm are indicated for tht
symptomatic relief of cough in conditions suck
W. the common cold, acute bronchitis, allergic
aethm% broncholitis, emphysema, and tra.
cheobmchitie. Vemacaps are also indicated for
relief of nasal congestion, chronic rhinitis, al.
Iergic rhinitis, and post nasal dl ip of chronic
sinusitis.
Corstraindicstiorw Severe hypertension or
severe cm-disc disease, sensitivity to antihista-
mines or sympathomimetic agents.
Warrdngm Uee with caution in patienra suf-
fering fmm h~rtension, cardiac disease or
hyperthyroidiam,
%ecautioruw Although peeudoephedrine
hydrochloride causes virtually no pmeeor ef-
fect innormoterreiwepatienta.itshould be used
with caution in patients with hypertension,
Adverse Reactions: The great majority of
patients will have no eide effects. Only certain
patienta, sensitive to one or another of the in.
gredienta, may note mild stimulation or miId
sedation. As with other preparationa contain-
ing antihistamines, drowaineea may occur in
some patien*, if sO, it is ueualIy transitory,
disappearing within a fewdays of continued
therapy or upon reduction of dmage. Other
side effects produced by antihiatiine dregs
include diztinass and dryneae of the mouth.
Gastminteatinai irritation has beerr ceported.
Usual Adult OoeagG Two capsulesevery 12
hours: one capsule in miId cases,
Ctdldrem 6-12: 1 capsule every 12 houra.
How Supptiesk In bottker of 100 and 1000.
Dispense in a tight, light resistant container as
defined in the National Formulas-y,
Cautiom Federal law pmhibita dispensing
without a prescription.
CONTAINS NO FD&C YELLDW DYE NO. 5
(DYE FREEI

#5~ ESu$abyto~w, Inc.

Box 470
SANTA ROSA, CA 95402

CA NTHARONE@ R
(cantharidirr collodion)
For Extarnal Uee Only

Description CANTHARONE@, canthari.
din cohlion, is a to ical Ii uicl containing

+0.7?4 cantharidin m a : m- orrrmrg vehicle
containing-e, ethocel and flexible COI1O.
dion. Ether 35%, alcohol 11%. The active in.
gredient, cantharidin, is a vesicant. The chemi.
cal name is Hexahydro4aa, 7aadimethy1-i/3,
7fi-epoxyiaabenzofuran.1, 3-diOne. C, JI,204
Clinical Pharmacology The veaicant ac.
tion of cantharidin is the result of ita primary
acantholytic action. Itaeffectiveness agairrat
warts is preaumsd to result fmm the “exfolia
tiorr” of the tumor as a consequence of ita scan.
tholytic action. The Iytic action of cantharidin
does not go beyond the epidermal cells, the
basal layer remains intact and there is mini.
mal effect on the corium; as a result there is no
scarring from topical application.

Indicatiorra end Usage Csrrtharone@ is
indicated for removal of warta and molluscum
corrtagioeum,lt is designed for topical applica-
tion by a physician. Pairrles application and

recommend for treatment of mosaic warta
Warstin~ Cantharidin is a strong vasican

, and Cantharone@ may product blisters if i
comes in contact with normal skin or mucort
membrane. If apilhf on skin, wipe off at once
using acetone, alcohoI or tape remover. Ther
wash vigomualy with warm soapy water am
Mse welI. If spilled on mucous membrane o]
in eyea, flush with water, remove precipita%
collodion, and flush with water for an addi
tional 15 minutes. Residual pigment changm
may occur. Patienta vary in their sensitivity u
cantharidirr and in rare cases tingling, burning
or extreme tendemm may develop. [n thess
cases the patient should remove tape and sad
the area in cool water for 10 to 15 minutes, re
peatirtg se required for relief. If soreness per
sieta, puncture blister using sterile technique,
apply antiseptic and cover with a Band-Aid. It
Lsadvisable to treat only ona or two lesions on
the timt visit. until the sensitivity of the pa.
tient is known. For external use onIy.
Precaution: There have been no adequate
and welkontrallad studies on the use of can-
tharidin in pregnant women or numing moth.
em, therefore the use of Cantharone@ during
pregnancy or in nursing mothers is not recom-
mended.
Cantharorre@ is flammabl~ keep away from
hea~ sparka and flame,
Adverse Reactiorw The development of
annular warta following Canthamne@ ther-
apy has been mwrted in a small percentageof
patienta. These lesions are supefl]cial and,
although they may alarm some patients, pre-
sent little problem. Treatment consists of pa.
tient reassurance and re-treatment using ei-
ther Cantharone@ or other procedures. There
has beerr one report of chemical Iymphangitia
followtng use of Cantharone@ in combination
with salicylic acid plaster.
DMe and Administration: ordinary d
pen”urrgrd warts-No cutting or prior treat-
ment is required. (occasionally nails must be
trimmed to expose subungurd wax to media.
tion. ) Apply Canthamne@ directly to the le
sion; cover the growth completely using an
applicator etick. Allow a few seconds for a thin
membrane to form and cover with a piece ~
non-porous plastic adhesive tape e.g. B[en-
derrn. Inetruct patient to remove tape in 24
hours and replace with a Iocse Band-Aid.On
next visit remove necrotic tiesue and reapply
Canthamne@ to any growth remaining. Defer
second treatment if inflammation is intense, A
single application may suflice for normally
keratinized skin.
Planter umrts-Pare away keratin covering
the warn. avoid cutting viable tissue. Using a
@tip or applicator stick, apply Cantharone,@
to both the wart and a l-3mm margin around
the wart. Allow a few minutes to dry. Secure
with non-porous plastic adhesive tape. Leave
in place for a week, then debride, [f any viabie
war-t tiaaue remains after debridement, rea-
pply ri small amount of Cantharone@ and ban-
dage as above. Three or more such treatments
may be required for large lesions. When de
struction of wart is complete, the healed site
wil: Appear smooth, with normal skin lines.
Palpsbmf roarts-Using a toothpick or tine
probe, apply a small amount of Cantharmre@
t-a the surface of the war-t. Avoid touching sur-
rounding normal skin or applying inside the
eye lashes. Leave lesion uncovered. Repeat in a
week or ten days if any growth remains.
Mol[uscum contagmsum -Coat each lesion
with a thin film of Cantharone@. In one week,
treat any new lesions the same way and retreat
any resistant lesions with Cantharone@, this
time covering with a small piece of occiuslve
tape. The tape shmdd be removed in 6 to 8
hours.

How %sf@i5rd: 7.5 ~
09S-01). Close tightly imm
Keep away from beak ~<
%Vkd L!!+. 1982

‘im ‘nquiri= b ‘athw

CANTHARONE PLU-;+~
For External Use Onty ,,6,..-
Description: CANTHMI
!opical liquid containing w
S% podophyllin, 1% can~
‘orming vehicle containing ~
rolyethyIene glycol, cellomlv
iion, castor oil and acebnq,]
blicylic acid u a deratol~
mrne is 2-Hydroxybanmic ~
i caustic. It is an extinct o~t
oota of Podophyilum pel~
t vesicant, the chemj~ ~@
km, 7aadimethyl-4& 7B?~
, 3di0ne.
iow Suppliad 7.5 m<k$
9701). Close tightly imrn~
[eep away fmm heat. b
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in and 40 mp of nw+nnitnl.’.
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itol as well as other pitui.@
nown below :,4 AM
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her cells ,.,e
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_ Cannab.: Cannabis Indica: Chanvre:

~ Hemp.

;J4.7.

~bss dso been ~own m: Air mirkhlif, A)lm.
@aK~’ As$Yunl. Bamb~loch~. Bambla, Bm.

, Barrgue. Bh~g. Bhm@u, Canapa.
.~s. Cmracoro. Czn-Yac, Caroquda. Chur

~~uraaO. Da-bMc..D~hJ. Dagga. Dtite -
Daijo. DJamba,DJOma.Dokka. Dotraymmta,

tijo. EIvo. EMCmaJigna, Erva dOnone, ~rw,
. FIIOCC.~okkm.,~umo brabo. Fumo de cabo-
~g= GCWJa,G.snJda. Gnaoui. Congo, Gozah,

~. G~fe. Gnfa, Guabza. ,Guaza Gunjah.
Hen-Nab. Hursim. Hashish, [gbo. In-

~ ‘afiu~~di~k h~pa Iniianbamppu. hf.~~.

~phdOdYflchum~Jea.Ju-.Kmab,KW.
.-+-C3tha. KJMII]C. Kif. JGf Ktami, Kinnab, Li-

.~aconha. M,KOnia. M~di. Magiyam. Makfdif.
~gO. MasaJuana. Mangongo. Marihuam
~tur.z ,Mm~b& Ma~ekw~e. v~je,
~. Moans. Momea.Yfo@ ,Mulatmha. fvJun-
, Namba,N[$UW+ Nwoti& Peioka. Penek,
~ pretitzh Rate, Rah. .WO. Rimba, Rongo-

‘~ ,MtiL Sabsi, sad~ sld~l, So$adOra, SOUS-
~UtCS canrmbts. Summa, Tahgahm, T#rourr.
--K Tcnaki. Trona@m. Lfmya. UKUMOW Wee.

Yomba. Zacote chino, Zerouafi, and Ziele
ich.
--amximate synonyms for cannabis resin in-

~-. Ch~S, Chira Chucrus, Chus. Ga.
@fsc. Gacu~ch. Gzuja. Hachicf.e, Hasciac.
~ f+sSJ~S,JfaajisJ, H~ZYSZ, J-ftixe. HFlOHa.

~_. Manzui, Momek& N’mnra. and S)gbuma.

~~~~fiitingt.ps Ofti~pistil[at~ p[~tOf

tfw (Caemabinace=). In the UK cannabis is cl-
eatany part of ar3yplantof thegenusCrmnrzbis.

10~IY refers to a mixmrc of the Icaves and flow-

-age h88a, ganja. W ~fJ ~C~n~ ~e COm-
~ in various countries to describe similar
. Huchish and charm am names often applied to

+augh in somecountries /rashish is applied to any

r

tion.

saaaabinoids has been extsacced fmm rhe drug. rhc

EZ1~i;~Y~;Z~;Z~;;2;bT~’
d cannabidiol. Cmrnabinol and cammbidioi
m “mlarge amounts but have Iittfe activity. The
‘.tetsahydtocafmabinol may average 1,3, and 5%

~ ganja. and khish ms~hveIY
art.
ace
~~cred that the prolonged heavy u= of cannabis

JSalemfrceand psychic dependence but chat phys-
~ bad not been demonscmted, There have been
q~ of non-specific symptoms such as mrorex-
~mso~ initab”l”I NY,rcsckssness, swearing, hezd-
~ ‘biId gasrro-imestinal upsets occurring when

Mxirawn.

Ufectz
vmrtidngmaybe the iirat effeccs of cmmabis tak-

#t. W most frequent physical effects of cammbis
ham an incre~ in heart rate with dtermions in

~, injected conjunctival vessels, and detetioro-
u coordination.TM psychological effects include
LVtionof time and space, irritability, and distur-

‘befnaty and j“dgenlent. AMiery or panic rewXlOnS
R ~ctdasly in meqrenenced users. Psycho[lc ep
lf.a Paranoid or schizophrenic nature. and .sudly
~ @Xm-redi“ ~~bje~~s~i”g cwnabis, especially In
m cs @r the ~~e of ~~e~ies bred for I high yield of

~ (so-called skunk].

~ of dre adverse CK.CIS of mmmbis,
!~ Carmabts:mxtcolog,cal properties md cp,demm-

~ tf<d J Ausr 1986, 14582-7
IBA. PsvchopharmacOlog,~al effects of cwmabts. 8r J

‘w w.: 43 I [4-22.
bAc*my O( pe,ji~mcs,Mmjuma:acommmgcOn-
~Fdlamcnans. Ped!tim.f 1991,88.1070-:.
,Xfinn~b!s and cocJ,ne. phurm J 1993: 2S1: ~83-5.,,

1~ the eyes, ~ repon of persistent VIStI~l~bnO~~-

uem. iollowmg dlscominu~ion of heavy abuse of
.% QrgtmcCIW kMthe effects. which were accom-

~ kv perSISre”t~e”r~ ~ha”ges, UXIld be found.

Qsafran AB P,,,,SHN ,,s..1 change, (ollowmg h,~h-
~PllOn 8, J Ophrhalmoi 1993, 77: 60-!.

* and the neonate. c~””abis h~s effects on
W Q JIIer ~~prOd”~~j\e hormomd systems. lnf~nts

km exposed M c~nxbls during pregnancY tend
l@lr binj.wclzhil J and mmv suffer from lncre~sed
‘in fhe P3SUA paid.]
~ 8 CIal, Eiftcl.S.ofmwemx marijuana and coc~lne

‘~ growth.,VEng{J .$r<d1989, 320. 762–S

2. FramkDA. CJd. Nmnaf~lfM@mfli0n21;lY andWY COm-
pusi!ion after m u[ero expemre m cactine and marijuana.J
Pmfiam 1990: II7:622-6.

3. Silverman S. Interaction of drug-abu>ing mather. fetus. types
of drugs cx#mmed in numerous studies. JAMA 19LVL 261:
1689, 1693.

Psychosis. References to psychosis associated with camta-
bis.
1. Rottanburg D. et al. Cannabis-.iwcWed p$ychosc$ wuh hy-

pamanw iewurcs. Lmcct 1982: ii: 1364-6.
2. Andrtaason S. er al. Cannabts md ~chizOPbmn[a: a 10ngirudi-

nal ,Iudy of Swedfishconacnpts. tincef 1987; ii: 1483-6.
3. Wytic AS, ZIOL Psychosisdue to ‘skunk”. UrMcdJ 1995:311:

125.

Treatment of Adverse Effects
Mild panic reactions do nut uauafly require specific thempy
rcassumnce is goumfly sufficient. Diazefrmn may be neces-
safy for severe reactions.

Flumazenil was effective in reversing coma in 2 children who
had ingested cannabis. i
I Rubm F. .-r al. flumazcnd for coma mvemal m chlldrcn .!fter

cwmmbls. U>CI 1993:341: 1028-9.

Precautions
Cmumbis has been repassed to afbt driving. Cannabis and
icohol have addtive eff-, intemcuOm might ~ ex~ted
between cannabis and a wide mnge of dregs.

InteractIons. Amimuacarmic tgenra. including micyclic
mtidepressants, may produce tiditive irrcreaaes in heart rareJ
whereas conversely pmpmrrolol teds to attenuate czrmabis-
Induced tachycardia. Limited evidence indcates rfmt a com-
bination of disulfimrn and ca.mmbis may produce a hypoman-
ic state.~ For a suggestion that cannabis smoking cart iaaeass
the clearance of rhcopbylline, see p, 1661.
1. Hiliard JR. Vicwcg WVR. Marked sinus mchycardia resutung

from the synergus[!ceffects of mw!juana and nonnptylmc. Am
J Psychiurrv 1983: 14.& 626-7.

2. Lacoucsicre RB. Swatek R. Adverse mterwmon bclwcen d)-
sulhram and mmjuma a case repon. .ti 1 PsvchIaIw 1983:
la 243A

Pharmacokinetics
The activeprinciples of cannabis are abaorberf fmm k gm-
tm-imestinaf tract and the lungs.

Abotrc 50% of dre d~-tefmkrydmmnnabinol available in can-
n~bis is present in the smoke inhaled fmm a whole cannabis
cigarette. This pmducez w effect afmosc immdlately. rsaach-
es a peak in 20 to 30 minutes, and ca dixipated in abotd 3 to
4 hours. Whencannabis is taken by muudt ~baorption may be
slow and irregular. Effects are not seen for 30 minutes m I
hour arrd persist for aborx 8 bows.

Teuahyrfmcannabinol is fipophilic and becomes widely dls-
uibutcd in the budy. II is extensively metaboliwl. primarily
in the liver, to the active I I-hycfsoxy derivative; bcdh am ex-
tensively bound to plasma proteins [t is excreted in rk urine
and faeces, sometimes over prolonged pcnads. Excretion
may fx more rapid in cfrsonic usess.

Pregnancy and the neonate. Cannabinoida cress the plw
cental and arc excreted m brcas~milk.! For tic effects of can-
nabrs on the neorm!e,sex above.
1. P~cificl GM. NonolI R. Placemal transfer of drugs adminis-

tered to the ntaher. C(W Pharmacokinef 1995; 28:235-69.
2. Amerlcm .Academy of PeL!amcs Commmcc on Drugs. The

tmnsfer of dregs and mhcr chemmds mto human mdk. Pcdim.
,-Icf I 994: 9* 137-50.

Uses and Administration
Cannabis waa formerly employed as a sedative or narcotic. Ifs
main wtive constituent A9-termhydfucamtabinol (dmnabinol,

=P.1218) ~d a syn~etic c~n~l~l (nabilO~. scc P 1230)
are used s anciemetics in patients receiving cancer chemo-
therapy; hey are olsu being investigated for o number of other
poremial therapeuuc uses. Anecdora.f repmm exist of benefit
from cannabis m I vtiety of diaordcm htcluding glaucoma
maJignarzc ncapla.sms, muJtiple sclcmsis, and AJDS.

References to the pmemid medicaf aaes of cannabis.
1. Doyle E. Spencc AA. Cannabm aa a medicmc? Br J Anaesth

1995,74:359-61.
2. Gray C. Cannabis-tic lherqeutlc potennai. Pharm 1 1995;

2s4: 771-3
3. Gr!nsp++n L. Bakalar JB. .Uar, huma u a medicmc: a plea for

reconslderaltan. JAMA 1995, ?.73: 1875-6.
& wills S. 7he use of c.umab,$ m mulnple wlcmsis. Pharm J

1995:225237-8.

bflOla oil (17665-1)

Canols od 1s J form of rape oil (.w p. 1748) from strains 5e-
Iected for low emclc acid content. It is uacd as an edible oil
and in phzmmceuncal m.mufacmrin~ and cusmelics.

Cantharides (I 2517-s)

Bhstenng Beetle CanchanS Insectes Coleopteres
Hetemmems LP Melofdes: RUSSIan Fllex $=njsh HY

prepantion no fonger actively marketed

Ilre dried ketfe Camhmis vesicatona [=Lyrra vesicaroria)
(Meloidae) or other spp., containing not leas than 0,6% of
canrharidin.

Adverse Effects
Following ingestion of cdmrkfca there is burning pain in the
drmat and stomach. wi~ difficulty in sw~llOwinK nausea.
vomiting, baemmemesis. ~bdominaf pin. blomfy dimhcco.
and tenesmus: renaf pain, fmqucn! micrusition. haemamfia,
uraemio: severe hypwension and circukory failure. Oral
doses of carrtharkh (the active ingredient of cmrdrarkfes) of
less than 65 mg have been lethal A dose of 1 mg or contoct
with ok inasct can produce distressing symptoms. Skin con-
tact results in blisters.

References.
1. Hundt HKL, c1 cd. Post-mortem rcmm concentrahon of can-

rharidin m a fad -of cmtharidm polwnmg. Hum Exp 7iM.
lCO( I!MCZ * 3540.

Uses and Adminisbatbt
Preparations of csntharides have been employed externally aa
cubcfiwsienfa.counter-irnfant$. &rsdvesicanta. They shmdd not
be taleen intemslfy w applied ovcs l~e surfaces owing to the
risk of abawption. The usc of candtarides in cosmetic prcd-
ucfa is prohibited in he UK by law.

i

Grthariti is used in honr@opctfhic medicine.
;

Mylabris (Chineacbliateting b&de: Chinese cztrtharidew ln-
.,

dian blistering beetle), ffre tied ~dCS uf dK specie MYJ@
:.

brw sidac (= M. phakrara). M. cichoni, arnl W. pwuJaror,
has been used as a SUbSUNtC for candtaridcs and as a source
of canrhacidin (see below) in the fhL

Preparations
Namesof pfcpantioaxwc Iiaaaf6CJOW:dcr.?ilsare @vcrr in Pan 3.
Proprietary Prapaa=tfons

Multf-ingrcsfikrrt peqaaratiorra. Spare: Friklon.

caf#ddiu25 l%’)
Hexah@@#l -w oe

l-l% K ~-@
‘ee

CIOH, Z04 = 196.2.
CM — 56-25-7.

Camhatidin is obrainti from camfrzrides or mylabris (see
above under Cwuharides).

Cmfmr’idkt in flexible collodirm haa been applictf for the re-
moval of wana, [t has akao been used in veterinary medicine.
Owing to the high toxicity of catrtharidin it is recommended
that preparations comaming ii should not be used medicinally.
Adverse effecra art those described for Caruharides (see
akve),

Preparations
Names of prcparatiom ate fisecdbelow: dcmils = given m P.WI3.
Proprietary Prqsaaatfons
Cuncld: c@acw Clmhamr% USA:C-T; v=.
Muftf-ksgrsdentpsefaaradona.Card:Canthacur-PS; Can-
rham~w. USA: Candratonr flu.r: Ve~l-

Capsicum (4617-wt
CapsIc: Capsicf FIUCOJXCMfies: %ment Rouge: Pimen[io:
Spamscher Pfeffer.
CAS — 404-86-4 {capsmcin).

NOTEGround cayenne pepper of commerce ia normally a
blend of varieties. Paprika is fmm Capsicum anmcum var.
!ongum; it is milder than capsicum.
Pharmocopuefox InAUSL,G&., Hung. It. jpn. and SWss.
US includes capsicum oleoresm.

The dried tipc fruits of Capicum monsramvar. minimum ond
small-fruited varieties of C. fnsre$cens (Solartaceae). Some
phamraco~iaa aflow different varieties. [t contains not less
dsan 0.5% of the pungent principle capaaicin. Store in a cool
dry place. Pmcec! fmnz light.

Copsicum Oleorcsirr (USP 23) is an afcoholic er.tmct of cJp-
sicum. It is a dark red oily liquid- Soluble in alcohol, in ace-
!ane. in ether, in chloroform. and in volmik MIS: soluble with
opalesance in fixed soils. Store in tirtight containers.

Capaicum has a camzitmtive action but it IS mainly used ex[er-
mdly,often in rftc form of cafrsicum oieoresm, 3.s a cOunter-
irritam. However. prepiOns Of caPsicam and caPsicum
o[eoresm can be very iITi~L Cq%aicin (p.28), the active in-
gredient of capsicum. is dW used in topiczf prepamtions in
the matment of painful skin conditions.
Copsicum is also used in homocopa[hic medicine and in
cookery.

No ~cceprable daily intie ww esrablishcd for paprik~ ole-
oresin w Lhedaily intake of dm spice emrzct waa considered
[0 bc self-limiting.’
1. FAOiWHO. Evzdummn of ccn.mnfood addmvcs ml contain,.

nmms.lhmy.liflh repfi of !hc]omt FAOIWHOc,pert comm,t-
tcc on fad adda,ves. WHOTech Rep W 78!. IWO.
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Butylamine/Carbamy lglutamic Acid 1689

Swiss.

The dried beetle Cumharis vesicuroria ( = Ly/ta
vesicaforia) (,Meloidae) or other spp., containing
not less than 0.6% of cantharidin. Store in
airtight containers. Protect from light. Cwt-
tharides having an ammoniacal odour should not
be used.

Adverse Effects. Following ingestion of cmr-
tharides there is burning pain in the throat and
stomach, with difficulty in swallowing; nausea,
vomiting, colic, bloody diarrhoca, and tenesmus;
renal pain, frequent micturition, haematuria;
chill, syncope, and circulatory failure. Toxic
effects have been produced by 600 mg, and death
by 1.5 to 3 g, though recovery has occurred from
much larger doses.
Acute cantharides intoxication in a 20-year-old man.—
A. J. Presto and E. C. Muecke, J. Am. med. ASL. 1970,
214.591.

Treatment of AdverseEffects. Empty the stomach
by inducing emesis or by aspiration and Iavage;
activated charcoal and sodium sulphate have
been recommended: give demulcent drinks freely
(but rror oils or fats) and morphine for pain; hot
applications to the abdomen may relieve the pairs.
The ctrculatlon should be maintained by the
intravenous infusion of plasma or of suitable
electrolyte solutions.

Usea. Preparations of cantharides have been
employed externally as rubefacienta, courtter-irri-
tants, and vesicants. They should not be taken
intcrnall y or applied over large su rfacea owing to
the risk of absorp~ion.
Cantharides is used in homoeopathic medicine.

125[8q

Cantharidin (B.P.C. /949. B. Vet. C. 1965).
Hexahydro-3aa,7aa-dimethyl-4f3,7fLepaxy-
isobenzofuran- 1,3-dione.
CIOHI104= 196.2.

CAS — S6-25-7.

fPharmacopoeias. 1- -

Cantharidin is obtained from cwttharides (see
above) or mylabris (see p. 1730). It occurs as
colorless, odourless, glistening crystals which
sublime at about 120”. M.p. 2166 to 218°.
Very slightly soluble in water; soluble 1 in about
1100 of alcohol, 1 in 40 of acetone, 1 in 55 of
chloroform, 1 in 700 of ether, and I in 150 of
ethyl acetate; soluble in fixed oils.

Cantharidin was formerly used as a counter-irri-
tant and vesicant and was usually preferred to
carrtharides since the strength of preparations
could be more readily controlled. Preparations of
cantharidin were used in hair lotions for their
rubefacient action. Cantharidin in flexible collo-
dion has been applied for the removal of warts.
It has also been used in veterinary medicine,
Owing to the high toxicity of cantharidin it is
recommended that preparations containing it
should not be used medicinally. Adverse effects
and treatment are those described for Can-
tharides (see above). The fatal dose is less than
60 mg.
For reports of fatalities after accidental poisoning with
cantharidin, see Pharm. J.. 1953. 2, 467; L. C. Nickolls
and D. Teare, Br, med. J.. 1954, 2, 1384; J. D. Craven
and A. Polak, ibid.. 1386; M. A. L4cutier, /bid., 1399.
A 42-year-old man took a teaspmful of a preparation
containing approximately 20 mg of cantharidin. He
developed symptoms -f renal damage which responded
to treatment including ~ magncsmm sulphate enema and
high fluid intake of milk, Hydrocortisone pellets were
effective against mouth ulcers. — R. D. Rosin, Br. med.
J., 1967, 4, 33.
An I E-year-old woman who swallowed about 2 mi of a
preparation containing c~ntharidin (Cantharone) deve-
loped electrocardiographic changes indicative of myocar-
dial damage, in addition to Ioml effects in the mouth,
throat. and pharynx, which responded to treatment with
hydrcxortisone sodium succ!nate and with ampicillin,

given parenterally.— W. B. Ewarr et d. (letter), Carr.
med. ASS. J.. 1978, / /8, 1199.

Proprietary Names
C~ntharorre (Serc$. USAI.

12519-p

Caoutchouc. Cautchuc: Elastica; Kautschak:
Gummi Elasticum; Resins Elastica: Rubber
(B.P.C. /934); lndia-Rubtrer.

CAS — 9006-04-6.

The principal constituent of the coagulated kttex
obtained chiefly from the trunks of Heveu brasi-
lierrsis (Euphorbiaceae).
A yellowish-white to brown elastic material with
a characteristic odour. Almost completely soluble
in chloroform; partially soluble in petroleum
ether.

Caotttchouc is used pharmaceutically in the
manufacture of adhesive plasters.
Allergic contact sensitivity to thiuram compounds
(present in rubber) in patients in a haemodialys,s
unit.— N. S. Pcnncys el al.. Archs Derm., 1976, I /2,
81[.
Contact urricaria to rubber.— A. F. Nutter, Br. J.
Derm., 1979, 101.597.

I2520-n

Capobenic Acid. c-3. 6-(3,4,5 -Tri-
methoxybenzamido) hexanoic acid.
C16H13N06=325.4.

CAS — .21434-9/-3.

Capobenic acid is a vascdilator which has been
used in the prevention and treatment of myoear-
diai infarction and other cardiac disorders.

Propriety Names
Cardiobiol (Li/rphrzrmrs, .Spairr/; Cardiobiomar (Eio.
Mar, .SpuirI); C-Tre (sodium salt) (fsr. Cherrr. Ital.,
Ital.): Kelevitol (Migra, ,-trg.fi Pectoris (Lhwcnr, Spain);
Trifartine (Phoenix,Arg.).

12521-h

CaraZOIO1. BM-51052. l-(Cmbazol-4-yloxy)-
3-isopropylaminopropan-2-ol.
Ct8H22Nz02=29g.4.
CAS — S777S-29-8.

Carazolol is a beta-adrenoceptor blacking agent.
Pharmamlogy of carazolol in animals.— W. Bartsch ef
al., Arzncimittel-Forsch., 1917, 27. 1022.

Proprietary Narrres
Cmrducton (Klirrge, Get.).

12522-m

Carbadox. GS-6244. Meth 1 3-(quinoxalin-
2-ylmethylene)earbazate N’<dioxide.
CILHION404=262.2.

cm — 680447-5.

A yellow crystalline powder. M.p. about 245°.
Practically insoluble in water.

Carbadox is an antibacterial agent used in veteri-
nary practice for treating swine dysentery and
enteritis and for promoting growth.

Manufacture
Pfizer, UK,

12523-b

Carbamylglutamic Acid. N-Carbamoyi-I--
glutamic acid.
C6HloN20~= 190.2.

CAS — 1 !88-38-1.

Carbamy[glutamate has been used in the treat-
ment of hyperammonaemia.
References 10 (he usc of carbamylg[utamate with argi-
nine in the treatment of hyperammonaemia. — C. Bach-
mann et al. (Iettcr), New Engl. J. Med., 1981. 304, 543.
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Pharmacobgc Effectiveness against warts-is presumed.to resutt from the ‘n&
tion” of the tumor as a consequence of IW acantholytlc action. The lytic ~p?

cantharidin does not go beyond the e.pldermal cells, the bawl layer re~aim,,
and there IS minimal effect on the conum; as a resu~ there IS no .sCarnng fi~

Cal application.

4

,“
.’.7{

Indti”omx
,.-

L
A vesicant for removal of benign epithelial growths: Warts (including ordin~fi

gual, subungual and plantar) and molluscum contagiosum.

1

31

(%ntraindm”ons
-b

,..;
Diabetics or persons with impaired peripheral circulation; use on eyes, mU&W

branes, am-genital or inte~”ginous areas, moles, birthmarks or unusual da

hair growin~ from them, or if lesion is being treated wtih other agents; if ~fi

or surrounding tissue is inflamed or irritated. :~j~

Warnings a
$?;

b!eaicantproperties Cantharidin is a strong vesicant.. Use sparingly. ~ notus~
,,

genital area. Keep away from eyes and mucosal tissue: Avoid, use m inte@{
sites due to problemswith spreadingand body Orxlusonwhch often lead,
intense, painful reactions.

es$
“:3Qfi

Cantharidin may produce blisters on normal skin or mucous membran I
on skin, wipe off at once, using acetone, alcohol or tape remover; wash, witf
soapy water and rinse well. If spilled on mucous membranes or in eyes;ft@
water, remove precipitated collodion; flush with water for an additional :15+rr

Physician use fapp/icafion) onlw Cantharidin is a potent vesicant and :~id’d
only by a physician. It is not to be dispensed to the patient. ‘“’M

Sensitivm Patients vary in sensitivity to cantharidin; tingling, burning o~U8
demess may develop rarely. In these cases, remove tape and soak the’ii
water for 10 to 15 minutes; repeat as required for relief. If soreness ped+j~

‘dture blister aseptically, apply antiseptic and cover with bandage. Treat on
two lesions on the first visit until the sensitivity of the patient is knowrz
more intense reaction in patients with fair skin and blue eyes. Do not re@l
:a:ssion more than once per week Defer second treatment if inflam@

. ...>.@
Pa/pebra/ warts Use great care if treating palpebral warts. Make ce&iQJ

oughly d~ warn patient not to touch the eyelid. .:&c7.,/
Pigmentation: Although rare, use care in the selection of site application au

pigmentation changes may occur. .27; p{-
Pregnarqcl%ere have been no adequate and well controlled atudie?in-~,.,._

women; therefore, the use of cantharidin during pregnancy is not req
Lactation: Use in nursing mothers is not recommended. .’ ?i~l,~~

;,,,iy -
..-.

Adverse ReSCdOllS
,..,,, ~

Annular warts have occurred in some patients. These are superficial and’p
problem, although they may alarm patients. Reassure patient and trea~a~j -

G!!There have been several reports of chemical Iymphangitis following use;of~. ,
idin, one in combination with salicylic acid plaster. A case of extrerne,-p@
tering occurred after treatment of multiple axillaw lesions. ..,:,; ~g~

Patient Informetbn: “-“;253..
May cause tingling, itching or burning within a few hours after applicstion~

be extremely tender for 2 to 6 days. --’ “-:>(
;ir

If spilled on skin, wipe off at once with acetone, alcohol or tape remover @,-
soap and water.

4

. .... .=

For external use only. If spilled in the eyes, flush with water and conta&’C’ ,.-

Admirrist@”on and Dosage - f64
Ordinary and periungual warm: No cutting or prior treatment is required. APP,V

to the lesion and cover the growth completely, extending beyond by a@J?
AHow a few minutes for a thin membrane to form. Cover completely@

\ rous tape. Remove tape in 24 hours and replace with a loose bandage. On.@
(1 to 2 weeks), remove necrotic tissue and reapply to any remaining grow
second treatment if inflammation is intense. A single treatment frequently.%



e application since rasi~
.!

led studies in pregna~
cv is not recommend@
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uperficial and presen~ ~
tient and treat again. je
‘ollowing use of canthar
~ of extreme, r3ainful bl-. .
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+

fter application; site m;
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~peremover and wash”;
... q

- and contact physician;

KERATOLWICS 3015
(yWIHARIDIN

P/arKar warts: Pare away keratin covering the wart; avoid cutting viable tissue. Apply
to wart and 1 to 3 mm around the wart. Allow to dry, secure with nonporous tape;
application of a protective cut-out cushion over the tape may be helpful. After 24
hours, the patient may bathe and replace dressing. Oebride 1 to 2 weeks after treat-
ment. If any viable wart tissue remains, reapply as above; 23 treatments may be
required for large lesions. For large mosaic warts, treat a portion of the wart at a time.
Applying cantharidin to open tissue will resutt in stinging from the solvent. Avoid
by paring carefully and scheduling treatments 2 weeks apart

Mo//uscum crmtagiosurrx Apply a very small amount of solution to only the top of each
lesion. Let dry completely. No occlusive tape or dressing is needed. Alert patient that
blistering is the desired result and that temporary hypopigmentation may occur.
The patient may bathe after 4 to 6 hours; sooner if discomfort occurs. Blisters are
usually formed by about 24 hours and crust up in about 4 days. Mild discomfort or
itching can usually be controlled with bathing and night sedation. In 1 week treat
new or remaining lesions the same way and re-treat any resistant lesions. This time,
cover with a small piece of occlusive tape. Remove tape in 4 to 6 hours, sooner if
discomfon occurs.

Note: Use of a mild antibacterial is recommended until the tissue re-epithelializes.

Rx verr42mttr ~ 0.7% carrtharidinin an adherent In75 ml.
(Palisades)

2952
film-forming base of ethykeilulose, cel-
Iosolva, castor oil, panedenn @tyl-
*nYWY*tiene glvcol),acetone

KERATOLYTICCOMBINATIONS
M Verl’ex Liquid 30% sslicylic acid and 10% In7.5 ml with 1(M6

(Palisades) POdOPhYllUmin an adherant filrn- appkator.
forming vehicle of penederrn
(octylphenWo+ethvfene glycol), ethyl-
callulosa, callo-solve, collodion, castor
oil, acetone

orc Gets+ liquid Salicylic mud, zirw chloride and In 12 ml. 150
(Oakhurst) collodion in +5% ether and -28Y0

alcohol

It is required. Apply dired!
I beyond by about 1 mrn~
er completely with noqw
)se bandage. On next vls~
y remaining growth. Def-’
tment frequently sufflce~
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and should not be used for long periods of time (57). The
FDA advisory panel concluded, however, that there was
no evidence to establish that zinc chloride contributes
significantly to corn-callus removal when combined
with aalicylic acid compared to a single-entity salicylic
acid product. Thus, the zinc chloride-salicylic acid com-
bination was claasifkd as a Category III combination.
Further, the panel was concerned about the possible
formation of zinc salicylate (pharmacologically inactive)
when these two drugs are contained in a product and
established that stability testing be undertaken as part
of the Category III testing (44).

Agents Used to Treat Warts

Ascorbic Acid Although ascorbic acid is essential h
the development of supporting tissue (collagen and in-
tracellular ground substance) and healing, there are in-
sufllcient data available to estibliah its efficacy in topi-
cal wart therapy (38). The panel has recommended
further study of ascorbic acid before it can be considered
effective for nonprescription use (38).

Cakium Pantothenate Application of the alcohol
derivative pantdhenoi in various ulcerative and pyo-
genic dermatoaes stimulates epithelialization and allays

.-= itching. There have been no reports of sensitization or
allergic reaction to topical therapy with pantothenic
acid or its derivativea (58). The use of these druga in
adults and children seems safe. Topical formulations
contain 2-5% of the active pantothenic acid derivative.
However, there are inau5cient data available on the
effectiveness of this agent. Thus, the panel classified
calcium pantothenate as Category III (38).

‘Cantharidin Cantharidin is a potent veaicant avail-
able by prescription only as an ingredient of Cantha-
rone. For wart therapy, this liquid is applied lightly with
a stick or swab, allowed to dry, and then covered by a
piece of waterproof adhesive tape slightly larger than the
wart (41). Depending on the physician’s directions, the
bandage is left in place between 24 houra and 1 week and
then removed. The drug effects a separation at the der-
ma.i-epiderrnal junction and therefore the removal of the
epidermal-residing wart (35). Following the blister for-
mation, minor idlamma tion can be resolved with tap
water soaks (35).

In approximately 7-14 days, a blister, often hemor-
rhagic, which has formed will break, crust, and fall off.
At this time, the physician debrides the dead material
with fine-curved iris scissors (50). Since the effect of
cantharidin is entirely intraepidermal, no scarring en-
sues.

A disadvantage of cantharidin is that, on occasion,~-._- annular warts may develop at the blister periphery (24).
In addition, since this method is considered dangerous,
it should be performed only by a physician or podiatrist
and never by the patient at home (50). However, a suc-
cessful trial of eantharidin treatment of warts at home
has been reported (59). Application of the occlusive tape
was omitted from the instruction to simplifi the process

and produce fewer reactions. This mode demonstrated
an easy, safe, and reasonably effective means of treating
warts. To help facilitate correct application of this prod-
uct, some investigators advocate that the product be
colored by the addition of some green food coloring dye
(35).

Podophylfum Podophylhun resin (in concentrations
of up to 25’%) dispensed in compound benzoin tincture
or as a solution in alcohol is effective in the treatment of
condyloma acuminatum (genital warts). PodophyUum
should not be prescribed for inclusion into a flexible
collodion vehicle because of the collodion’s occlusive
nature and the possibility of enhancement of the drug’s
percutaneous absorption. It is a cytdoxic agent that
arrests mitosis in metaphase. This caustic and powerful
skin irritant is avaiIable by prescription only for short-
term use. It maybe reapplied every 4-7 days, generally for
2-4 weeks, depending on individual response and any
residual chemical irritation (22). In 24-48 hours after
application, lesions become necrotic, and in the foUowing
days, begin to slough off and gradually disappear.

The primary toxicologic problem associated with the
use of podophyllum resin, aside from ita topical irritant
qualities, is peripheral neuropathy when it is absorbed
percutaneously into the systemic circulation (80). Podo-
phylhun shouldbeappliedonlyinsmallamountsbythe
physician.Thepatientshouldbeinstmctedtowashoff
thepodophyllumpreparationwithsoapandwater
within8-12hoursofitsapplication.Becausetheusual
deliverysystemisa low-viscositysuspension(com-
poundtinctureofbenzoin)ortincture(alcohol),the
solutiontendstorunontoadjacenttissue,causingdam-
age.Thisriskmaybeminimizedifwhitepetrolatumor
talcisappliedtothehealthysurroundingskinbeforethe
podophyhmpreparationisappliedtothewart(22,35).
Podophyllumresinforvulvarwartsinpregnant

womenshouldbeusedcautiously,ifatall.Thetopical
applicationofpodophyllumappliedfivetimesfor4
houraeachfromthe23rdtothe29thweekofpregnancy
wassuspectedofcausingteratigeniceffects(61).Be-
causeofthisencountereddficuhywithpodophyllum,
andtopreventthepossibledevelopmentoflaryngeal
papillomakwisintheneonateafterdelivery,thephysi-
cianshouldconsiderusingcryosurgerytoremovethe
venerealwartordelivertheneonatebycaesareansec-
tion(18).Podophyllurnshouldnotbeusedonhemor-
rhagingskinorwhereanextensiveskinsurfaceareak
involved.Theseconditionsincreasethepossibilityof
percutaneousabsorption.Becausepodophyihnnisapo-
tentcorrosive,itshouldnotbeusedwithotherkerato-
lyticagents,suchassalicylicacid.

Miscellaneous Prescription Drugs Used to meat
Warts Other prescription drugs used fairly success-
fully in treating warts are the antibiotic bleomycin sul-
fate (Blenoxane) for recurrent or recalcitrant plantar
warts, tretinoin (retinoic acid) for flat warts and plant.a
warts (62-64), and fluorouracil (65). Although bleo-
mycin has not been approved by the FDA for wart treat-
ment, evidence indicates that bleomycin’s effectiveness
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___ is due to the drug’s selective inhibition of DNA synthe-
sis. In addition, local injection into the wart results in
hemorrhagic necrosis secondary to microthrombosis,
which is followed by a graduaJ reduction and detach-
ment of the wart (66). Theoretical objection to the use of
bleomycin for warta sterna from ita ability to interfere
with DNA metabolism and induce skin cancer (67). One
report indicated the appearance of nail dystrophy fol-
lowing the injection of bleomycin into a periungual wart
(66). Results with tretinoin andffuorouraci.1therapyare
variableand,inthosecasesthatdorespond,ithasnot
been determined whether the disease is simply taking ita
natural course (41). Idoxuridine 0.25% ointment dem-
onstrated efficacy in the treatment of six women stier-
ing from condyloma acuminatum (68). The drug was
applied twice daily for one week. No side effects were
observed and there were no recurrences in these women
three months after fol.lowup. One precaution however,
with idoxuridine is that it has induced congenital anom-
alies in animals and thus its safety for use to treat geni-
tal warta during pregnancy remains in doubt.

Adjunctive Therapy

In addition to nonprescription products, seif-therapy
measures include daily soaking of the alfected area
throughout treatment for at least 5 minutes in very

_=.. warm (not hot) water to remove dead tissue (24). Dead
tissue should be removed gently after normal washing.
Skin should not be removed forcibly because further
damage could result. Sharp knives or razor blades that
have not been properly sterilized should not be used to
cut dead tissue because they may cause bacterial infec-
tion. A rough towel, callus file, or pumice stone effec-
tively removes dead tissue of corns and calluses. Petro-
leum jelly should be applied to the healthy skin
surrounding the tiect.ed area to avoid accidental appli-
cation of corrosive products. This precaution is espe-
cially important in cases where poor eyesight increases
the chances of misapplication.

To relieve painful pressure emanating fkom inflamed
underlying tissue and irritated or hypertrophied bones
directly underneath a cow or callus, patients may use a
pad such as Dr. Schoil’s mth an aperture for the com or
callus. If the skin can tolerate the pads, they maybe used
up tQ 1 week or longer (69). To prevent the pads from
adhering to hosiery, patients may wax the pads with
paraf%n or a candle and powder them daily with a hy-
gienic foot powder. If, despite these measures, friction
causes the pada to peel up at the edge and stick to
hosiery, the pharmacist may recommend that patienta
cover their toes with the forefoot of an old stocking or
pantyhose before putting on hosiery (69).

Patients should be advised that if at any time the pad
begins to cause itching, burning, or pain, it should be

.-= removed and a podiatrist should be consulted. The phar-
macist also should advise the patient that these pads
will provide only temporary relief and rarely cure a com
or a callus.
To avoid the spread of war@ which are contagious,

patients should wash their hands before and after treat-

ing or touching wart tissue, and a specific towel should
be used only for drying the affected area after cleaning.
Patienta should not probe or poke the wart tissue. Foot-
wear should be worn in the case of plantar warta. If
warts are present on the sole of the fbot, patients should
notwalkinbarefeetunlessthewartissecurelycovered.

Product Seleti”on Guidelines

Corns and Calluses

There are no clinical studies to indicate whether pre-
scription-only products are superior to nonprescription
products. Conclusions are baaed only on subjective phy-
sician evaluation reports (2, 9). Salicylic acid in a plaster
or collodion dosage form appears to be the most effective
treatment for corns and calluses. Some studies advocate
the use of a 50% silver nitrate solution, applied by the
physician, foUowed by weekly applications of 40% sali-
cyiic acid plasters for corns (7, 9).

Bunions

If the pharmacist recommends the use of topical adhe-
sive cushioning to alleviate the pressure on a bunion,
instructions should be given on proper use. Before the
protective pad is appli~ the foot should be bathed and
dried thoroughly. The pad then is cut into a shape that
conforms to the bunion. If the intent is to relieve the
pressure from the center of the bunion area, the pad can
be cut b surround the bunion. Precut pada are available
for immediate patient use. Constant skin contact with
adhesive-backed pads shouldbeavoided,unlessundera
podiatrist,orotherphysician’srecommendation.

warts
Opinions about the best wart treatment vary from nitric
acid for plantar warts to cantharidin preparations for
common warta (41, 70). The findings of the FDA advi-
sory review panel on nonprescription miscellaneous ex-
t.mnal drug products clarified the effectiveness and
safety of nonprescription drugs (38, 53).

In an evaluation of four planta.r wart products, a
dimethylbenzylammonium dibromide solution (Callu-
solve paint) was less effective than either a 50% podo-
phyUurn resin-liquid pmaflin preparation or an estab-
lished salicylic paint [salicylic acid-lactic acid-collodion
preparation (1:1:4)] (34). A flexible collodion was used as
the controI preparation. The study also showed that the
basic treatment for simple plantar warta takes about 6
weeks, and the cure rate was fastest with the salicylic
paint. It was concluded that the treatment of plantar
warts with a salicylic acid-lactic acid-flexible collodion
mixture was enhanced when the application method
was understood and was carried out under a physician’s
supervision.

The salicylic acid-lactic acid-flexible colbdion prepa-
ration used in this study was safe and effective in chil-
dren and adults.; no incidence of hypersensitivity or
systemic involvement were reported. Podophyllum also
was used with no acute reactions, but it was under the
direct supervision of a physician, and the therapy was
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AUTHOR:
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ABSTRACT:

~>t

Eff’cacy of intra-arterial norcantharidin in suppressing tumour
14C-labelled glucose oxidative metabolism in rat Morris hepatoma.

Mack P; Ha XF; Cheng LY

Department of Surgery, Singapore General Hospital, Republic of
Singapore.

HPB Surg 1996; 10(2):65-72

97328320

Norcantharidin is the demethylated form of Cantharidin, which is the
active ingredient of the blister beetle, Mylabris, a long used Chinese
traditional medicine. Though not well publicized outside China,
Norcantharidin is known to possess significant anti-hepatoma activity, and
is relatively free from side effects. In the present study, glucose oxidation in
tumour and liver tissue slices harvested from hepatoma-bearing animals
was quantified by measuring the radioactivity of 14C-labelled C02
released from 14C-glucose in oxygen-enriched incubation medium. Results
were expressed as a tumourlliver ratio. For comparison, treatments with
Norcantharidin, Adriamycin and with hepatic artery ligation were studied.
The mean tumour/liver ratio was 4.2 +/- 2.2 in untreated controls, but
dropped significantly to 2.3 +/- 0.5 (p < 0.05) with intra-arterial
Norcantharidin (0.5 mg/kg) and to 2.3 +/- 0.7 (p < 0.05) with intra-arterial
Adriamycin (2.4 mg/kg), and to 2.2 +/- 0.7 (p < 0.05) with hepatic artery
ligation. However, with intravenous Adriamycin at 2.4 mgkg, the mean
tumourfliver ratio was reduced to only 3.5 +/- 2.0 and was not significantly
different from untreated controls. It is concluded that intra-arterial
Norcantharidin is as effective as intraarterial Adriamycin and hepatic
artery ligation in suppressing tumour glucose oxidative metabolism. These
result simply that Norcantharidin may have a role to play in the
chemotherapy of primary liver cancer.
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A. INGREDIENT NAME;

CYCLANDELATE

B. Chemical Name:

Alpha-Hydroxy-, 3,3,5-Trimethylcylclohexyl Ester (9CI), BS 572, Capilaq Ciclospasmol,
Alpha-Hydroxybenzeneacetic Acid 3,3,5-Trimethylcyclohexyl Ester,, Sancyclaq Sepyron,
3, 3, 5-Trimethylcyclohexanol, Alpha-Phenyl-Alpha-Hydroxyaxetate, 3,5,5-
Trimethylcyclohexyl Amygdalate, 3,3,5-Trimethylcyclohexyl Mandelate, Methylcyclohexyl
Mandelate.

C. Common Name:
Arto-Espasmol, Perebral, Saiclate
Cyclobral, Spasmione, Spasmocyclon, Spasmocyclone
Cyclospansmol
Benzenenacetic Acid, Clandilon, Cyclandelate, Cyclolyt, Cyclomandol, Cyclospasmol,

—_
D. Chemical grade or description of the strength, quality, and purity of

the ingredient:

Assay 99.8%

E. Information about how the ingredient is supplied:

A white to off-white amorphous powder with a slight menthol-like odor and a bitter taste.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Cook P. and James, I. Cerebrovascular Disease. NW Engl. J Mea! 1981;305: 1508 and
1560.



Young J. Studies on the role of Cyclandelate in Cerebrovascular disease. Br. J
Psychiat, 1974; 124:177.

Hall, P. L Am. Geriat. Sot. 1976; 24:41.

Davies, G. Age and Ageing. 1977; 6:156.

Rae, D. B. J. Am. Geriat. Sot. 1977; 25:548.

Brasseur, R. An~”ology 1978; 29:121.

Capote, B. and Parikh. J Am. Geriat. Sot., 1978; 26:360.

Harding, F. A. An~”olo~, 1978;29: 139,

Cunha-Vaq J. G. Diabetic Retinopathy. Br. J Ophthal. 1977; 61:399.

CoffiW J. D. Peripheral vascular disease. New Engl. J A4ed 1979;300:713.

Hester, T. O., Theilman, G., and Greeq W. Cyclandelate in the management of tinnitus: a
randomized, placebo-controlled study. Otola~ngol Head Neck Surg, 1998; 118(3Pt 1):
329-332.—

Sauer, S., Schellenberg, R., and Hofin~ H. C. Functional imaging - first steps in an
objective quantitative classification of migraine. Eur JikfedRes, 1997: 29(9): 368-376.

Aparasu, R. R. and Fliginger, S. E. Inappropriate medication prescribing for the elderly by
office-based physicians. Ann Pharmacoiher, 1997; 31(7-8):823-829.

Schellenberg R., TodorovL A., and Wedekind, W. Pathophysiology and
psychopharmacology of dementia–a new study design. 2. Cyclandelate treatment-a
placebo-wmtrolled double-blind clinical trial. Neurop.ychobiology, 1997; 35(3): 132-142.

Diener, H. C. Migraine-diagnosis, differentk.1diagnosisand therapy. Ther Umsch,
1997; 54(2):64-70.

Diener, H. C., Fo~ M., and Iaccarino, C. Cyclandelate in the prophylaxis of migraine: a
randomized, parallel, double-blind study in comparison with placebo and popranolol. The
Study Group. In summary, cyclandelate has a comparable effwacy to that of popranolol.
Both drugs were better than placebo. Both active treatments were well tolerated.
Cephdalg”a, 1996; 16(6):441-447.
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Gerber, W. D., Schellenberg, R., and Thorn, M. Cyclandelate versus popranolol in the
prophylaxis of migraine-a double-blind placebo-controlled study. Funct Neurol, 1995;
10(1):27-35.

Mot% M. C., Leite, E., and RUW M.A. Effectofcyclospasmolonearlydiabetic
retinopathy.l.nt Opthalmol, 1987;10(1):3-9.

H. Information about dosage forms used:

Capsules
Tablets
Suspension

I. Information about strength:

1.6g daily
400 mg Tablets and Capsules
400 mg/5ml Suspension

J. Information about route of administration:

-
Oral or Intravenous

K Stability data:

Meltsatabout50-53°
Cyclandelate can decompose by hydrolysis to mandelic acid.
Cyclandelate capsules concluded that less that 5% of the cyclandelate degraded in 66
months at ambient temperatures.

L. Formulations:

M. Miscellaneous Information:

Page -3-



.

.

.n

.

2.

3*

4.

5.

b.

7.

0.

9.

PRCIDUCT

BG7CH NO.

DATE (IF MANUF9CTUR1NG

QuaNTITY

PACKING
.

DESCRIPTION

MELTING POINT

IDENTIFICATION

L~SS ON DRYING

10. RESIDUE ON IGNITION

.
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QUALITY CONTROL REPORT

CHEMICAL NAME. :CYCI.ANDELATE

MANUFACTURE LOT NO. :279076

PHYSICA

SPECIFICATION TEST STANDARD. .- USP_/BP_/M

I) DESCRIPTION.: WHITE POWDER.

2)SOLUBILITY .:
PRACTICALLY INSOLUBLE IN WATER; SOLUBLE
SOLU131LITY IN MEOH 1/20 IS CLEAR.

3)MELTING POINT.:
MELTS AT ABOUT 50-53 DEGREES._/\

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A) COMpLIES WITH IR AS PER COMPANY SPE(

PASSES. :

COUNTS. :CYCLANDEWTE IS ALSO XNOWN AS 1
HEXYLESTER.

ANALYST SIGNATURE.:

PREPACK TEST.: DATE. : —

RETEST .: DATE .:

TEST

lCK_/NF_/MART ._/CO.SPECS ._.

IN LIPOIDS AND THEIR SOLVENTS;

FICATIONS.

FAILS .:

NDELIC ACID 3,3,5 TRIMETHYLCYCLO-

DATE .:

INITIAL. :

INITIAL. :



.-. ------------------ IDENTIFICATION -------------------
PRODUCT #: C9260 NAME: CYCLANDELATE CRYSTALLINE
CAS#: 456-59-7
MF: C 17H2403

. SYNONYMS
(--

~L
B-ENZENEACETIC ACID, ALPHA-HYDROXY-, 3,3,5-

TRIMETHYLCYCL XYL ESTER (9CI) * BS 572 * CAPILAN * CICLOSPASMOL *

CLANDILON * CYCLANDELATE * CYCLOLYT * CYCLOMANDOL *
CYCLOSPASMOL *

DILATAN * ALPHA-HYDROXYBENZENEACETIC ACID 2
3,3,5 -TRIMETHYLCYCLOHEXYL

ESTER * PEREBRAL * SAICLATE * SANCYCLAN * SEPYRON * SPASMIONE *
SPASMOCYCLON * SPASMOCYCLONE * 3,3,5 -TRIMETHYLCYCLOHEXANOL

ALPHA-
PHENYL-ALPHA-HYDROXYACETATE * 3,5,5 -TRIMETHYLCYCLOHEXYL

AMYGDALATE *
3,3,5 -TRIMETHYLCYCLOHEXYL MANDELATE~

------------------ TOXICITY HAZARDS -------------------
RTECS NO: 008200000

MANDELIC ACID, 3,3,5 -TRIMETHYLCYCLOHEXYL ESTER
TOXICITY DATA

.-.
ORL-RAT LD50: 5 GM/KG NIIRDN 6,310,82
IPR-RAT LD50:2570 MG/KG AIPTAK 105,145,56
ORL-MUS LD5O:>1OGMiKG NIIRDN 6,310,82
IPR-MUS LD50:3780 MG/KG AIPTAK 105,145,56
IPR-DOG LD50:2000 MG/’KG AIPTAK 105,145,56
ORL-GPG LD50:3950 MG/KG AIPTAK 105,145,56

IPR-GPG LD50:2480 MG/KG AIPTAK 105,145,56
REVIEWS, STANDARDS, AND REGULATIONS

NOES 1983: HZD X4828; NIS 1; TNF 42; NOS 2; TNE 457; TFE 234
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
BEHAVIORAL (ALTERED SLEEP TIME)
BEHAVIORAL (ATAXIA)
LUNGS, THORAX OR RESPIRATION (OTHER CHANGES)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION.
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, TNGESTION, OR SKIN ABSORPTION.
MAY CAUSE IRRITATION.
MAY CAUSE FLUSHING, TINGLING, SWEATING, NAUSEA, GASTRO-INTESTINAL

_-



DISTRESS, HEADACHES, TACHYCARDIA, FEELING OF WEAKNESS
TARGET ORGAN(S):
SMOOTH MUSCLE
VASCULAR SYSTEM
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED.

FIRST AID
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS.
CALL A PHYSICIAN
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND

SHOES CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR IF BREATHING BECOMES DIFFICULT,
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING

THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
-------------------- PHYSICAL DATA --------------------

APPEARANCE AND ODOR
SOLID.

------------ FIRE AND EXPLOSION HAZARD DATA -----------
EXTINGUISHING MEDIA

WATER SPRAY
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------
STABILITY

STABLE
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

CARBON MONOXIDE, CARBON DIOXIDE
HAZARDOUS POLYMERIZATION

WILL NOT OCCUR
..7 --------------- SPILL OR LEAK PROCEDURES --------------

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED



WEAR PROTECTIVE EQUIPMENT.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE.
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSWMSHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
MECHANICAL EXHAUST REQUIRED
CAUTION
AVOID CONTACT AND INHALATION
TARGET ORGAN(S)
SMOOTH MUSCLE
VASCULAR SYSTEM

.-. THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



Bcnzyl Nicotinatc/Cyclanddate 1617
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-

f14yfUzknHydzoebtosidsT~kkta (U.S,P.). Tablets cortlairt-
ing Izupheninc hydr~hlozidc. Store in airtight wr!lajrr
ers.

proprietary Nines
Arlibidc (US WronsirI, Arg,), Arlidin (US V. Canad,,
US V Pharmacewical Corp., USA), Bufcdcm (Czdcma,
Netk.~ Dllatoi [Tropon. Ger.); DOydrin (Medic-fremie,
Switz.): Opino {Bayropharm. ital.); Penitardon (Woelm,
Ger.); Pervadil (ICN, Canad. j. Tosostrin (Medichemie,
Swilr.).

Buphcninc hydrochloride was famr[y market~ i“
Great Britain under the proprietary name PrmMatal
Forte (Smith & Nephew Pharmaceuticals).

9215-s

Butalamirre Hydrockforide. LA 1221. NN-Oibutyl-
N-(3 -phenyl- 1,2,4-oaadiazol-5.yl)eth ylenediamine hydro.
chloride.
C,aHIMN,O,HCl= 352.9.

CAS — 21131 -3$-7 (butalamirsc); 56974464 (hydrw
chloride).

A white crystalline powder. M.p, 135” to 141°. Sofu6ke
I in 7 of water, I in 10 of alcohol, and 1 in 2.S of
chloroform.

Melamine hydrmhloride is a vatcxlilator which has
been given in the treatment of peripheral vaacular dis-
orders.

Pza#erazy Nasaaa
Adrevil (2yma, CC..L Hemotrop (Andrommco, Arg.L
Surem (C&PA, Spairt); Surbeme (Aron, Fr.; Sp+m.za.
ltat).

9216-w

Butoxytttsyi Nksrthsate. 2-Butoxyethyl nieolinate.
CIIHI,N03=223.3.

CAS — 13912-804.

Butoxyethyl nieotinate is a topical vasdilator used, in a
concentration of 2. S%, in rubzfacient oimments.

proprietary Preparatioaas

See under Meihy! Nieotinate. p.1626..

9217-e

CeHii Citrate. 2-(Pcrhydroazepin- I -yl)ethyl a-cyclo-
hexyl-a-(3-thieny l)acstate dihydrogen citrate mono-
hydrate.
C1OHl,NOzS,CfiHgO,,H:O= 559.7.

CA-$ — 14/ 76-IO-4 (cetiedilj; 16286-69-4 (citrale.
onhydrous).

Cetiedil citrate is a vasodilatar which has &n giv.zm in
the treatment of peripheral vascular disorders.

After intravenous injection of radioactively Iabelled
cctiedil, W% cd the dose was metabolised within S
minutes, and after 1 hour only Iabelled metaboiitez were
recovered from the urine. Cetiedil was also shown to bz
rapidly mc!akwiiaed after administration by mouth, atzd
after firw pass through the liver only me;abolitea would
enter the general circulation, It was concluded that tbe
metabolitcs of cetisdil were active as inhibition of saliva
Zecrelion prrsistcd when ceticdil could no longer be
deteetsd in plasma, — A, M. Soelcrboek ●t al., Eur. J.
clin, Pharmac., 1917, 12, 205.

Asthma, Refemnus to bronchodilator activity of cetiedil
citrate. J Orehck et al., Nouv Prrsse mold.. 1976, 5,
1577; Y. W. Cho e; 4/,, IIU. J. citn. Pharmar Bim
pharm., 1978, 16, 402.

PtripAera/ wscuktz dirorders. An evalua! ion of cetiedil.
administered intravenously, intramuscularly, or by
mowh, in the [reatment of pcri hcral vaacular disord-

fers.— R. Barbe et al , Clim Trio s J., 1’380, 17. 20,

Propzlerer-y Names
SI ratene ifmothira, F?.: Stgmarau, lral,).

9218-1

Claromoater Hydrochloride. Csirbxrooten Hydro-
chloride: A27053: AG 3: Cassella 4489 Ethvl 3-(2-die-
thylami~thyl)-~methylcoumarin-7-yloxyac.titc’ hydre
chloride.
c#z,No5,Hcl=397.9.

CAS — 804- l@4 (chromomzr): 655-35-6 /hydrc-
chhxide).

A white crystalline powder with a bitter taste. M.p.
about 159”. Sotabk in water, alcohol, and chloroform.

Chromonar hydrochloride is a vasodilator which baa
been used in !he prophylaxis of angina pectoris.

For reports of pharmacological studies, zee R. E. Nitz
and E. Potmeh, Arzneindttel-Forsch.. 1%3, 13. 243: W,
Loshncr and H, Hirche. {bid., 25 l; H. J Bretschneider
ec al., ibid.. 255.
Absorption. blimd concentrations., and exeretion of chro
monar.— Y. C. Martin and R. -G. Wie8and, /. pharm.
SC(., 1970, 59, I313.

COJWUCJhrdcrs A multicentre double-blind crossover
study of 187 paticnta with angina pectoria who received
cbmmonar ror 8 weeks (79 paticnta) or 12 weeks (108
patients) at a dosage of 150 mg thrice daily (73
patiersta) or 225 mg thrict &ily (114 pmienta) dcrnon-
atrated significant prevention ot nnginal attacks by the
lower doac, and improvement in attack-rate and glyceryl
trinilratc requirement by the higher dmre althou8h the
higher dose failtxf to show any advantage over placclm
when the glyuryl trinitrate requirement was considered
alone.— R. J. Bing ●t al.. Clirs Pharmac. The?., 1974,
16, 4. See also H. Ml er al., ibid., 1968, 9.40.
Further refereneex G. Faueon ef of., Fh4mpie, 197S,
30. 185; E. !%hraven, .4rzrreimittel-Forsch., 1976, 26,
197; E. Sehravcn cf a/., ibid., 200; R. Sirbulescu et al.,
ibid. 204; N. N. Ki@dm and G. M. Kikava, i6id.,
1976, 26, 882.

PropsietazyNaasea
Antiangor ([SM. Ital.); Cardiocap (Fidid, llal.L
Cmrncne {Scharper, Itol.h lnmnssin (Ca.ssel/a-Riedel,
Belg.; Diamont, Fr.; Cassella-Riedel, Grr.; Pierre\, Ital.;
Jap.@cwhzinget Monnheim, S.Ajr.; Albert-Farina,
SpairU Casse[la-Riedel, Swim): [ntensacrom (Albert-
Fartna, Spain).

9219-y

Ckpazet Maleate. Citwpazic Acid Ethyl Ester
Malsatc. EI hyl 4-( 3,4,5-trimethox ycinnamoyl)pipcr-
azin- I -ylacetate hydrogen maleate,
c)~H2”N>06,c4H40, -508,5,

C.4S — 23887-41-4 (cinepozer); S067947-7 (nmlrate).

A white powder. M.p. 130°,

Cinepazet malca!e is a vaacdila!or which has teen used
in the treatment of angins Pecloris.

Absorption and fate of cinepazet in man. Most of a dose
given by mouth was elimina!cd within 24 hours, 60%
b.Ang excreted in tbc urine. The major mesaboiite was
cinepazic acid.-– L. F. Chasaeaud cr al., Arzne~mif.
tel-Forsch. 1972, 2.?. 2003.

Proprietary Nmsses
Vascoril (De[a/ande, Be/g.; Dslatwufc, Fr,; DshJJande,
Ital., Delalarrde, Switz .),

9220-g

Citrepetidc Makate. I-(pyrrolidin- I-ytcarbonyl me-
thyl).4.(3,4,5-trimethoxycinnamoyl)pipcrazinc hydrogen
malcate.
C2,H1, N,05,C4H40, -S33.6

CAS — .?388?-46-9 (cinepaztdeJ. 16328-04-i (maieale).

Cinepazide malcate is a vasodilator which has been
given in peripheral and cerebral vascular disorders and
in coronarv insufficiency
Pharmacology in anim~ls.— ft. Pourrias et al., Th4r-
apie. i974, 29, 29 and 43

Pmprktary Namss
Vawxlistal (Delalamfe, Fr ; Dtlalande, Ital.: Dekzlande,
Swirz /

9221q

Cloridarol. Clobenrurol. a-( B.nzof.ran-2-yl)-a-(4-
chlorophenyl)met hanol.
C, SH,,CIOJ-258.7.

CAS — 3611-7.?-!.

A white cdourlcss cryslalline powder, M p. about 48”.

Cloridaroi has km given in the prevention and trcat-
mezst of coronaryinsufficiency

Proprktazy Namea
Cordium (hfa$sone, ArgJ; Menacor (Menarfni, IILZI ):
Mcnoxicor {Mcrrarinl, Spain/.

9222-p

Cycland~te. BS 572. 3,3 -Tri-
methylcyciohcxyl mandelate.

dA
~17H24%=~76.4’

CAS — 456-59-7.

crystalline form reaemkli ng mtt;n wooL
Practically inaolsxbk in waten soluble 1 in about
1 of akohol and 1 in about 2 of light petroleum;
very soluble in ether and other common organic
solvents. Store in a cm] place in airtight eontain-
era. Protect from light,

Adveree Effects Nausea, gastro-intestinrd dis-
tress, or flushing may follow high doses of

~’~~~{$ effects reported incl.de tingling

Toxicity of eyclandelate was low,, tbou8h with large
doses there mi ht be ftushin
headache.— T. ~irasor and C,

~ tm~li”g, nausea, m
yman, C/in. Pharmac,

Thcr., 1%1, 2, 652.

Treatment of Adveme Effects. In severe over-
doaage the stomach should be emptied by aspira-

tion and ‘av?ge” ‘f ‘Ccc? ‘he Circu’a’ionshould be matntatned with m uslons of ssutab[e
ckctrol ytea, and if neccsaary by vzaopreaaora.

Prccautioara; Cyclandeiate is contra-indicated in
the acute phase of a cerebrovascular accident.

Uaea. Cyclandclate ia a va.sedilator used in the
treatment of e-erebrovaacu Iar and
vaacular disorders. 1
1.6 g daily in divided doses

Actirm Animal studies into the mode of action of
cyclanxktate: A. B, H. Funcke CI a/,, Curr. med. Rcs,
Opizrion, 1974, 2. 37 (brain glucxme uptake); G. van
Hell, CUrr. med. Ref. Opinion, 1974, 2, 211 (coltatcral
vessel formation),

Cercbromzdur disease, Several double-blind studies of
cyclandelalc have shown improvement m orientation,
disturbed behaviour, and vocabulary wichom improve-
ment in self-care. rccenl memory, or mood, f&werthe-
lcas, the overall results are inconsistent, and improve.
mcnts in clinical and psychological tcssa arc not always
matched by useful changes in the activities of daily liv-
ing.— Br. med. J., 1978, 2, 348. See also fkug & Ther,
Lhsi/.. 1975, /3, 85. Further reviews: Med. z%r., 1976,
/8, 38; P. Cook and 1. James. New Engl. J Med., [981.
305, I SOT and 1360.
Individual reports and s{udics on the role of cyclandclate
in cerebrovaacular diseaac ~1 al.. 8r J. Psy-
chira{.. 1974, {24, 177; ~, Hall Am riaf. Sot,
1976, 24, 41; G. Davies ev al,, Age and Ageing, 1977, 6,
156, et [ J ,.?m Gerial SOC., 197’7, 25,

a~~r, A~g~o/ogy, 1978, 29. 121; B~
kh, J. Am. Gerial. SOC., 1978, 26, 360, G,

%%%!!%!kil;i4%f%1?329’ ’39’‘“‘0”’”

‘assc~=d in 22 diabetic patienta, without retinal involve-
ment. by vitreous fluorophotometry after the injection O(
rluorcacein. It was considered that deterioration of the
blood-retinal barrier, an early sign of diabetic rctinopa.
thy. was delayed in the third month in theee patients
given cyclandelate 400 mg four times daily for 3
months. Long-term studies were considered to be indi.
catcd — J G. Cunha-Vnz et al.. &3r.J Ophthat 1977,

i

E

G-
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61.399.

Dysrntaarrhoea. over a period of I 5 years, 60 women
with sps.srnodic dysmcnorrhocz had been Ircmcd with
cyclandelatc with consistently Eocd results; 800 mg daily
m divided doses was given for 3 days before the
expcclcd date of menstruation and for the first 2 days

.—.-—— of mcnstruafion.— D Kerslake (letter), fJr, med. J,,
1973, 2, 614.

Prripkral rascular disease. A review of drugs used in
tk management of peripheral vascular disease, includ-
ing cyclandelaw There is no substantial evidence to

&

recommend the use of cyclandelate in peripheral
vascular diseaces— J,#&aUOM& New Errgl. J Med.
1979, 300. 713. Furl CT references: R E. Frcmont, Am:
J. med. Sci, 1964, 247. 182; T. Reich, J. Am. Gwia.
.%x.. 1977, .?s, 202.

Proprktary Preparations
C cbbrd (Nc.rginr UK). Cyclamlelate, available as cap.

f’ &6kWr30 m,.
~= CYc~~ fgrocAes. UKJ, Cvclandelatc. available 26

wm;’:%%&iiiJyx%vE:::
Cycloqssarnol in A~., Bclg., Canad.. Denm., r%..
Nefh., Norw, S. Afr., SwtIz., USA).

Other Proprietary Names
Arrn-Espssmol (Spain}; Ciclospasmol (fml,~ Cycle.
rrtandol (SWd ); Spssmocyclon (Ger /; Vazodyl (S@r).

9223-s

Di-iaopropylamrraoatiumDicftiorrmcetaie. DIPA;
M-iropropykamine Dihlormth.snnz!e: Di-lsopropylamine
Dichloroacatate,
C5H ,,cljNO, -230.1

CAS — 660-27-5.

Crysmls with an dour of chlorine and a stishtly bitter
tzswe. M.p 119° to 121”. SokJbkE 1 in less than 2 of
water: very soluble in alcohol and chloroform.

tX-isopropyiammonium dichloroae!ate is a vasodilator
which has been given in the trea!ment of peripheral and
cerebral vaacular disorders.
A review of the pharmacology and therapeutic cffeets of
di-ixopropylammonium dichloroacctate.— P. W. Sta*
pd., J. ciin. Pharmac., 1969, 9, 282.

Propckctary Nmmee
Cubisol (Piarrr, /Iul.J; Dcd yl (DiJrex, Auwral,; Houd&
I. S. H., Fr.); Diedi (Alem, Belg.; [SF, Ikzl ; Stbcr,
Spoirs); Kalodil (Fidm, Iral /; N.xwaccoril (Saira, ltd.):
Nutricor (Llorrnr, Spain); Vasculetse (Von Bcch, //a/,J.

9224-w

Dikzep Hydroehlorkafe. Ascz C 4898. Pcrhydrc-1,A-
dlazepin-1,4diylbis(trimcthylem 3,4.5-tri-
mcthoxyhcnzoate) dihydrwhloridc.
C,, H,, N1O,P2HCI=677.6.

CAS — 3S898-87-4 (dilazep); 20153-98-4 (hydro-
chiortdt).

Ddazep hydrochloride i6 a vasodilamr which has been
given in Lhc treatment of coronary insufficiency and
angnra pzctoris,
Pharmacology in animals.— D. Lcuke ●I al.. ArznrirnIt-
wl-Forsch., 1972, 21, 639. Toxicity studies in ard-
nrds.— H H Able ?/ 01., ibid,, 667; H. %hricwer and
H. M. Rauen, ibid., 1455.

The myocard!al bhmd flow was measured in 5 pstient.c
with catheterised burro given dilazep nnd found to bs
increased after dn$ea of 160 to 310 pg per kg body-
weight .— 1 Hensel et al, Ar:rrrlmille/-ForJch,, 1972.
12, 652. Evidence of coronary vasculariazl ion induesst by
dilazep in animals — G. Schmidt ?r al., ibid,, 663,

Metabolism.— E. Schaumlbffel and R. Prignitz, Arzrrci-
miftel-Forsch., 1972. 22, 1651.

For a series of papers on the pharmacology and usc of
dilazcp in ixehacmic heart direasc, sec Armeim,l@/-
Forsch., 1974, 24, 1651 101926.

Tbe effects of dilazcp on blood platelet aggregation.—
F. Kuzaya, Arzrwimittrf-Forsch , 1979.29, 339.

Proprktary Names
Cormelian tAsfa, Ger.;Scherlng, IIol ); Komcrian (Jap.].

9225-e

13iltkzem Hydrochloride. L.miazcm Hydrochhwidw
CRD-401. cis-( + ).3- Acctoxv-5-(2-
dimethylami~!hy l)-2,3-dih~dr~2-( 4-me~hoxyphcnyl)-
1,5-benzothiazcpin-4( 5H).onc hydrochloride.
C:2H2,N20,S,HCI =4S1 .0.

CAS — 423994 /-7 (dilziazerrr), 33.?86-22-5 (hydro-
chloride)

A white cdourlcss crystalline ~wdcr with a bl!tcr task.
M.p. about 2 12“ with decomposition. Freely sofatble in
water, chloroform, and methyl .deohol; slightly soluble
in debydratcd alcohd. Protect from light.
Diltiazem hydrochloride exists in 2 crystalline forms
prisms and plates.— K. Kohno el al.. Arziuimillel-
Forsch., 1977, 27, 1424.
Dil!iazcm hydrochloride is a vasodilator which has ken
used in the management of angina pceroris.
Animal pbarmaeology studies of diltiazem: D, Saito #t
aL, Ar:rwimitfe/-Forsch., 1977, 27. 1669; Y. I to tr al..
Br J, Pharm.zc., 1978, 64, 503.

Cardiw disorders. An@”no pcctoris. Rcfercnccs: R.
Kasukawa ●: al., Arznefmitte[-For~ch , 1977.27. B78: I.
Nakayama, Int. J. c[irs Phormac. Biopharm., 1979, l?.
410.

Hcarr falhcre. The effccc of diltizzem hydrochloride on
sodium diuraais and renal function in chronic wmgcstivc
bcart failure.— M. Kinochita tf u/, Arzrrcimiffel-
Forsch., 1979, 29.676,

JTypog@-miA Diltiamm hydrochloride 44 mg given
intravcnedy over 2 hour$ to a woman with hypogly.
caemic attackr due to an insulinoma reduced insulin
sccrelioa for the first 10 minutes but also reduced the
bleed-glucose eonecntration. A dose of 180 mg daily by
mouth for 15 days reduced the frqucncy of attacks.—
H. Taniguchi er al. (letter), LAzrrcer,1977, 2, 501.

ProprkatzryNaxtaa
Hcrkser (Jap.); Masdil (Esrcvr, Spain)

9226-I

Dlpyridamole. RA 8. 2,2’,2’’,2’’’-[(4,8.
Diuiecridinocwrimido15 .4-dpvrimidine-2,6-
di~lidinittril~ltetract~anol. ‘“ -
C24HWN804=504.6.

CAS — 58-32-2.

An odourless, irrtensel yellow, crystalline
with a bitter taste. ~o[utions have a yel~~~~
blue fluorescence. M.p. about 163”.
Very slightly aoltrbk in water; soluble in chloro-
form, methyl alcohol, and dilute acidy slightly
soluble in acetone; practically insoluble in ether
and light petroleum.

Ad*erse Effects. Gastric disturbance, diarrhoea,
headache, dizziness, faintness, and skin rash may
occur after administration of dipyridamole. Some
patients experience facial flushing and a bitter
!aste after intravenous injection. Rapid intraven-
ous injection of dipyridamole may cause a lower-
ing of blood pressure. especially in patients with
hypertension. Dipyridamole can also induce
angina in some patients.

Alopcria A 38-year-o!d woman with the baemolytic-
uracmic syndrome initially treakd wi(h s!rcptokinasc
and heparin, was subsequently treated with aspirin 3 t?
daily and dipyridamole 300 mg daily Alopecia during
treatment might have been due to dipyridamole.— J A.
Utting and D. R. Shrccve, Br. med. J , 1973, 2, 591.

Eflects on the km, Comment on the role of dipyrt-
damole in myocardial scintigraphy, including mention
that a rather unexpected effect of distal coronary vum-
dilaoxs is angina, which may & reversed by glyceryl
trinitratc or, in severe WSCZ,aminophyllinc.— Lonccv,
1980, 2. 1346.

Precautions. Dipyridamole should be given only
with care to patients with hypotension and should
not be given to patients with hypotension follow-
ing myocardia[ infarction.
Interacrforrs. [n 24 patients ~ ith gtomcrulonephritis who
were stsbilised on ellher warfarin or phenlndione. dip ri-

{damote in dcaes up to 400 mg daily did not af cct
prothrombin act]vlty It was recommended that when
dipyridamole was used the prothrombin activity should

bc maintained at the upper end of the therapeutic range
m order to avoid possible blecdhtg complications due 10
Ihc slight anticoagulant activity of dipyridamolc.— S.
Kaluwskl artd P. Kincaid-Srnith, Med. J. ,4u.cr., 1973.2,
164.

lnter@rence wirk dirsgrrosfic tests. Serum from a patient
taking dipyridarnolc gave very high readings when lipop-
roteins were bem8 measured by nephelornctry. Dipyri-
damolc impsrts a yellowish-blue tluorcsccnce 10 solu-
tiortr and eorrld interfere in other laboratory rests invol-
ving ftuorcscencc or nephelometry measurements- K.
Wiener (letter). Lancer. 1981, 2.634.

Prcguncy xxd the ccoxate. A ywng woman with a
prosthetic heart VdVC WaC auccerxfully managed
throughw[ prcgosrrcy with the aid of dipyridarnole and
delivered a healthy infant.— R. Ahmad CI 4/ (letter).
J.arrel. 1976, 2. 1414. Sce also Y. Bialc Cl a/. (letter).
Inncet. 1977, 1, 907.

Absorption mad Fate. Dipyridamole is readily
absorbed from the gaatro-intestinal tract. It is
concentrated in the Liver and is mainly excreted
in the faecez. Excretion may be delayed by reab-
sorption. A small amount is excreted in the urine
as glucuronide.
For a study suggesting that blood-dipyrida mole eorreen-
traliom belw’ 3.5 ~mol pcr litre may not be effective in
suppressing platelet function, see under Cardiac Disord-
erc, below.

Uses. Dipyridamole has antithrombotic activity
and is used in conditions where modification of
platelet function may be beneficial. For this
purpose the usual dose is 100 mg four times
daily before fod increased if neeeasary, to
600 mg daily.
[t has also been used as a vasodilator in the
long-term management of chronic angina pectoris
in usual dosez of 50 mg thrice daily. It has also
been iven by slow intravenous injection in a

!dose o 10 to 20 mg twice or thrice daily.

Actioa Evidence to suggest that tk amithromkotic
activity of phosphodicsterasc inhibitors, such as dipyri-
damolc, depand UFOnthe activation of platelet adenylcy -
clasc by potentiation of endogenws prostacyclin.— S.
Moncada and R. Korbut, rhrrcr, 1978. 1, 1286. Com-
ments.— D. F Horrobin ●t a/. (letter), ibid., 2.270 A.
K. Pcdcraerr (letter), ~brd.[n vifro studiaz poin[ing to an
effectof dipyridantole on prnstaglandin metabolism in
platelets, which might provide an additional explanation
of its activity as an inhibhor of plateIet function.— L.
C. EtM ct al. (letter), ibid., 846. in vim tests indicating
that inhibition of thrornboxanc synthctaae cannot expiam
the antithrombotic effects of dl yridamole — S. Mon-
cada cr al. (Ic!lcr). ibid., 1257. indin

F ,fE:”d.&i;fa:!::dipyridar,nole has an inhibitory
a88mgat!on, de~ndent on albumin but indcpcndcnt of
pmsrac ciin and thromboxane.— K. A. Jergenscn and

$E. Sto ersen (letter), ibid, 1258 Data sug$csting that
the most important mwhanism of action of dtpyridamote
might be enbanccmcnt of the effects of prostacyclin
G. DI Minno er al (letter), ibid
In a study mvolvin8 10 healthy subjects dipyridamole
8 pg per kg bdy-weight per minute, infused for 2
hours, induecd an increase of prostacyclin release. pro-
bably by a dirsct effect on the metabolic pathways of
arachidonic acid.— G. Mawtti er al. (letter), Lzncer,
1979, /, 1412. A study in 4 healthy subjects indicating
that dipyridamole ingestion appeared to diminish rather
than enhance the effect of prostacyclin (and other pros-
taglandins) as platelet-aggregate inhibitors in human
platelet-rich plasma. Tbcss findings do not support tbe
b Pothesls that the amithromtutic action of dlpyridam-

(“o e w caused by enhsnccmcnt of platelet aggregate

‘“hibition by ‘Circ”’atin$ “-mcyc’in”- “ ‘i ‘i”noet al. (Ictter), ibid.,, 19 9, 2. 701 In 10 Juvenl!c-onset,
m.sulin-dcpmdent dtabetics, dipyridamole sigmficandy
decreased their raised Iasma concentrations of &throm-

!f”kglobulin without a ectmg mct~bohc control. This
m]ght be based on enhancement or release of prostacy -
clin.— G. Sehernthzner ef a[. (letter), ibid., 748.

Cardiac disarderr. For the role of dipyridamolc in the
prevention of myoeardiai infarction, scc Aspirin. p.242.

Cardiac surfery, Dipyridamolc was considered to reduce
the mcidcncc of thrombo-cmbotic episcdea during the
year following heart-valve replacement In a study in 70
pticnts, 27 were given dipyridamolc 400 mg daily and
36 a placebo. starting 10 to 14 days after operation. All
patients received warfarin rmdium. There were 11
tbrombemtmlic episodes among the patients receiving
placebos bu! none among those continuwsly iakmg



for possible revisions

Precaution pmiO~ me of entibiotim may promo
the overgrowthof nonaueceptibleorgacriame.If superinfc
tion nccumduring therapy, appropriate mcneures
taken.

ehould I

PRECNAN~ %e@mncytitqory B.RePMdUCtiOtIetudi
b#”%n performd in mim end rata at dcece Up tO u
~f

I human done ~d hve mv~~ no ~denm of ~

P- .mtility or harm to the fetus due to cycleciUin. The]
arq however, no adequeta and well+mcrtmlfad studiee :
P~t women. ~USS animal reproduction atudiee ~
not always predictive of human respartm, this drug should1
4 during pregnancy only if clearly needed.
NUBSING MOTHERS It is not known whether this drug
excreted in human milk. Becauas many ~ CM exm~
in humanU caution shouIdheexerciacdwhencyclacilli
isadmhlhredtoa nursing woman.
Advaree Reaetionm The oral edminiatretian ofqdacilh
ia genereUy weU-tnlerat.ed
As with other penicillins, untoward reactions of the ameiti~
ity phenOmena arc likely to occur, particularly in individt
ala who have previously demonstratedbypemenaitivityt
penicillin sorinthmewit babiatoryofde~, -h
fever,or urticaria.
Thefollowingadverwereactionshavebeenrepertedwithtb
useOfCYCbldii diarrhea (in appmXim.etdy 10ut of 20 pt
tiente treated~ nausea and vomiting (ii approximately I i
50), and akin rash (ii apprmimately 1 in 60). Isolated ir
etarrcee of haadacbe, dizziness, ebdoraiaaI pain, veginitti
andmtimrla “ beye heart reported. (See WARNINGS.)

C)tJIer leas-frequent adveree reactions which may occur am
that have been reporkf during tberooy with other mnicil
line am anen@ ibmmbocyto&ria.&ombocytope&c pur
P,UM.~~o~nk narctrapania, and aoeiDophiiiB.‘rbCZIC~
trooe are uauaUy reversible orI discontinuation of therapy.
Aa with other eeeniayntheticpenicillins, S&X elevatiou
have teen reported. -
Donge .d Adddatmtiolu
[Beatable on preceding page],
Aatienb with Rend Faihm
Basedonndmage of S30 mg q.i.~, the folfawing adjustment
in doeage interval ie recmnmended:

Patienta with a creatinine clearance of > 5) rallmia need
no d- intemd adjoatmen~
p’.ntswit.ba~ “’eclaareoce of3050rnUmia

receive fuU dneae every 12 houm.
iti with a crrmtinine clearance of between 154)

&min should receive fuU doeee every 18 hours.
Patienta with a creatinine clmrarrm of between l@15
nrlhirr should receive fuU dceea every 24 hours.
In petienta with a cre#inine clearance of< 10 mi/mio or
serum creetinine veluee of 2 10 MS%, serum cyclaciUin
Iavele are retmnrnended to determine Imth subequent
dceage and ftmquency.

How SuppUetb Cyclapen-W@ (cydadin) teblete are
available in the foflowing etrengtbx

250 rag, ND(2 00084614, yeUOw cnpeuhhaped emred
tablet emboeeed with “WYETH” and ‘614”, supplied in
bottlee of 100 tablets.
5m mg, NIX! 00094)615, yellow Capeul&abaped scored
tablet embomed with “WYIH’W’ end “615”, supplied in

tottlee of 100 table~
The appearance of Cydapen-W tableta ina registered trade
mark of Wyeth I&xatmiea.
Keep bottlee Ughtfy Ckld.

DlSIMWC In tight container.

~~-w (m~) for od euapmaion is avaif.able in
the following etreogtlw

125 MS per 5 MI, NDC W06-05P8, white to pinkish-white
powder eupptied in bottles to make lCO,150,aad ‘2(Mml of
mapaoeion.
250mgper5rnl, NDCOW8-06W,whiteto pinkiab-white
powdereupplied in battfea to make NM,150,and 200 ml of
euspeneion.

8hako well before USimJ-Keep tightly clocad.
After raoonetitutinp, ● directed an the package laM. atom
under refrigeration. Diecardsw unuaad pardon ●fter 14
daye.
Befeawne
1. BAUER A.W., KIRBY, W.M.M., SHERMS. J.C. and
~ M-; ~tibiotic Teeting by a Standadzed Siie
Disc MetboI$ Am. J. Clin. Patbol. 45:493, NW! Standadz.ed
Dii ‘II~ptibility Test, FEDERAL RMXSTER 37 ~n-
2
2. onal Committee for Laboratory Shrt* .4p-1
proved Standard-2; Performan- Stan&da far Artimicm
bid Disc Susc@lrili@ Teats, 1976.
3. ERI(X(lN, H. & and ~ J.~ Antibiotic Sensi-
tivity Tearing Bepart of an InteA ““ d CdlabaraLive
Study, ACT& PathoL bficrchioL Scan& Section k2.17, 1971.

shalomirrRcdcbctI~tipcqrea

Product Information

CYCLOSPASMOL@
;Cldd‘spas%51]
Cyclmdelate)
:.epau&Tablata

hmpcdfom Each blue and red ca@e contains 4X mg.
@andeIete, and each bluecapsuleconcaicre200mg. of c
:lrmdehme. Fach ornnge tablet contains 100 mg. cycland
ate.
laacriptiom Cyclandele@ is a white amorphous powdt
IB* a f~t menthol-~e odor. It ia slightly soluble in WI
erand highly eoluble in ethyl dmhol and organicadvent
*larrdelate has the followingstructural formuiw 3,5,!
rimetbykyclohexyi maadelate.
Mtontt CYC’U3SPASMOLis an Ody acting vamdihto
‘be activity of this drug, as measured by pbarmacologiu
@a againat various typee of emootb-musclespasm produce
Y SIchoke. ~~ and barium chloride,exceei
hatofppeverine,particularlyinregardb theneurotmpi
ompanent produced by the acetylcholine. C@crdelate i
maculomopiq acting directly on vascular smooth musd{
nd baa no eigniticnat edrerrergic stimulating or blocti,
Ctiolua
be drug is not intended to eubtitute for other appmpriat
did or .mrgicBIprcgrame in the treatment of periphers
r cerebralvascular*.

Indfcatione
BaEA on a review of this drug hy the National Academy
of Sciences-National Reeeamb Cmncil arrd/or other
information. PDA has claeeitied the indication ee fol-
lows
“Pcecibl#’ effective CYC’LOSPASMOLis indicated for
adjurtctive therapy in intermittent claudimtion; arte-
rimclemeie oblite~ thmmbophlabitie (to control
aesaciatecf mampasm and muecular iechemiah ncctur-
nel leg cramPx Ray-oaud’s phenomenon and for se
laded resee of iacbemic cerebral vaecular dieeaea.
Final cladimtion af the I-ttuut+ffective indication
requima fiwtber investigation.

mtraindieetioxm CYCL@PASMOL in mntraindicate
_ af known hypcmeneitivity to the cling.

‘mrtimgm 1. Cyclendelate should be weed rvitb extrem
,ution in petienta with severe oblitenttive coronary m-tar
cer-ebral-veamlar _ since there is a poeeibility the

eee diemaed ereae may be compmmieed by vaeodilator
Ma tithe drug elaewberw.% Uee In Pregna~ The aafe~
cyclanclelate forme duringpregnancyor lactationhas no
en earablieh~ therefore, it should not be used in pmgnan
>men or in women of cbildb&ring age urd~ in the judg
ent of the physician, its use ia deemed ateolutely eserttie
the welfare of the petianL 3. Although no pmkmgation o
ding time bee been dernonatmted in humane in there
utic &megea. it has been demonetrati in enimale at ver
rga rfcmaa.Therefore, the hazard af a pmlorrg+ blee@
ne should be carefolfy moaidered when ~ti
clartdela~ to a patient with accive bleeding or a h]-
nderm.
wtuiiortmSiice CYCLQSPASMOL (cyclmrdelate) is 1
dilator, it should be d with caution in patients bCW@
Xuoma.
ivalw Eeactiotw Oaetminteetind dietrwe (pymaie, pain

d erucmrtion) may occur with CYCLUSPASMOL Tbeei
mptocm eccur infrequently and are usually cnilci Retie
n oflen be obtied by taking the medication with meals 01
the cnncomitaat use of entacida

ild flush, headacbq feeling of wee.kn~ or tachycar&
iy cnxor, eapecidy during the &t weeiw of adminietre
In.
mage and ~ “om It iaoften advent+pmre U
Irh.e therapy at higher dosage; e.g.: 120cL16w mg. pei
Y. @’eIo ~ divided ~ ~fom meek end at bedtime
hen a clinical reaponee is noted, the dosage can be de
need in %M-nrg.decrements until the maintenance dceagt
reached The usual maintenance daeage of CYC’L4EPAS
3L (cycfandelate) ia between 4C0 and 600 mg. per daj
ran in twmto four divided dmaa.
though abjeztive aigne oftberapeutic benefit may be rapic
d drametiq more often, thin improvement eccure gredu
y aver -ka of therapy. It is strongly recommended the[
?patient reeducated to the fact that prolonged w may h
~. ~~~~ w of CYUQSPASMOLie mrelj
ma noru It kkelytu be of am oe-ent valua
)W Supplied 400 mg: blue and ~ @mlee in battlee 01
3, and ~ and Clinipak@, Unit b Medicating 1(X
mules (20 etripa of 5). 200 mg. blue capeulaa in tattlea 01
1,500. and lW& curd Clini@@, Unit Dme Medication

100capmlee (~ @rip of 5~ 100 rug.0rangt3mblera in bactlef
0flm~500.
Literahme Availahk Ym

[Cir. 30162 7/14/80]
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DIPHTHERIA AND 7~ANUS B
TOXOIDS
[dif-tfw‘m-ahand tet ‘uh-nustok ‘eoi&]
ADSORBED (PEDIATRIC)
aluminum phaephate adaorbed,
ULTRAFINED@

Deecriptiom Acctigenaadsorbed on ekuninum phoephate.
Preservative is 0.01% thimeroeal (mercury derivative).
How Supplied hla of 5 ml.; end O.&ml.TuaEx@ Sterile
Cartridgr+Needle Units packagea of 10.
Forprescrib@ ;nformatianwritetoAvfeeeumalSwmcq Wy
eth L&emtonq Bar 6299,Phila@hiq PA 19101,w mn-
tactywr focnlWyethrepresentatiw

EaUAGESIC@ f?B
[ek%a-je ‘zik ]
(meprabarrrate with aepirin)

Deecriptiom Each tnblet of Equageaic contains 2CX3rag
meprobamate and 325 mg aepirin.
Actioewc Mepmbemate is a carbamate derivative which
hae been shown (in animal and/or human studies) to have
effetta at multiple sib in the central nervous system. in-
cluding the tbelarrma and Umbic eyatam.
Aspirin, ecetylaalicylic acid, ie a nonnarcotic anolgeeic with
entipymtic end antiinflammatory pmpertiea.
IneUcationm ACan adjunct in the short-term treatment of
pain accompanied by teneion and/or anxiety in patienrs with
mueculoekeletal dieaaae. Clinical trials have demorwtrated
that in these situations relief of pejrr in eomewbat ~ter
than with aspirin alone.
The effectiveness of Eqrq@c in Iong-tmmruse, that k more
than 4 montba, has not been ameeeed by systematic clinical
studies. The physician should periodically maseeae rhe ~
frdneea of the drug for the individual patient.
Contraindfcatiorca!
ASPIRIN:
AUergic or idicayncratic mectione to eapirirr or related mrn-
paunda.
MEPROBAMATE
Acube icrtermit@rtt porphyria end allergic or idimynmetic
reactions to mepmbemate or related campounda, euch se
-PmdoL mebu-ate, or carbmma.L
Warning.m
AsPm
SeUcyletea abould be used with extreme caution in ~cienta
with peptic ulcer, aethma, coagulation ebnormalitiea, h~
pmthmmbmemia, vitamin K deficiency, or in those on anti-
cnasulant therapy.
In rare instances, the use of aawirin in uersnns alleraic to
aehcylates may result in U&tbc+atening allergic ep&dw.
MEPROBAMATE
DRUG DEPENDENCE Ph~ical dependence, Pycholcgical
dependence, and ebuae have eccurmd. Chronic intoxication
from pmlongad ingestion of, oauaUy, greater-tban-Hm-
mended doaee is manifested by ata& ehmred speech, and
vertigo. Tberefom., careful auperviaion of doee and emocrnte
prescribed k advised, as well ae avoidance of pmlorrgd ad-
ministration, especially for almholica and other pcienta
with a known pmpeneity for * exceaeive quantities of
W.
Sudden withdrawal of the drug after pmlongad and exces
9ivema may precipitate recurrence ef preexisting eymptoraa
such as anxiety, anorexia, or insomnia, or withdraw-al reac-
tiOIM~ch as vomiting, ataxia, t=mom, mWle *-,
confuaionai states, lra.llucinaeie, and, rarely, convcdaive asi-
suree. Such eeizuree are more likely to ocmarin persona with
central-nervous+wtem damage or preexistent or latent mn-
vuleive dimrders. Onset of withdrawal symptmaa omurs
ueueUy within 12to 48 houcwafter discontinuation of mepro-
baraat.q eymptoms usually cease witbin the next M to 45
hour perird
When excemive dcaage has cantinued for weeka nr months,
dosage shoufd be redumd graduaUy over a period of 1 to 2
weeks rather than abruptly etoppe.i AltemativeIy, a She-
X ~~te my be 9u~ituted, then gradually with-
drawn.
WTENTMUY HAZARDOUS TASKS Patiente should be
warned that mepmbamate may impair the mental or pbyei-
cel abilitiee required for performance of patentiaUy barard-
ous tanks, each as driving or operating machinery.
ADDITIVE EPPEfXS: Sinca CNS-auppreeeant effecra of
meprobamate and .alcnhol or mepmbemate and other pay-
chotmpic dmge may be additive, appropriate caution should
be exercieed with petienta who take more than one of tbaee
agenta simuhaneoualy.

USAGE IN PREGNANCY
AND LACTATION

An Incraeaed rick of mngenitel malformations aanrcietad
with the uee of minor tranquilii (moprobamate. chkordiaz.
epaxide, and dimapam) during the firer trimeeter ofpc8g-
nancy hns bean euggeated in eewral atudiaa. Secaw uea of
theee drugs Is rarely a matter af urgency, their uee during

Continued on next w
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for possible revisions

PnrcautioIx hiO.ged use of mtibbtica may pmmot
the owrgrowr.b of nonaueceptile organkma If superinfel
cion owum during thempy, approptite meeaum shOldd b
takea

&iEGNANCY: PWIIUXY Categary B. Reproduction etudie
—

‘a been oerforrned in mice and rate at dcwea u. co ter

a the human dcee amd have rewaled no widen= of in
.d fertility or hamr to the fetu due m cycladk Ther
am howemr, no adequate end wellaotrolled studiee L
pmgnartt women. Eecause animal repmducdon tmdi~ u

not alwaya predictiveof human rcaponae,this drugshould b
used during pecy Ody if Ckdy ndad.
,XURSING ,MOTHEILS:It ie not known whether this drug i
axcretd inhunaanmikkauw OICIUybl@~~
in human tniLk.caution should be exercid when cyclerilb
ie dminimered b a muaiag womarL
A&area E4acti0xm The oml ddnkraQ “onOfcychdil
ie generally welf-tdenated.
Aa with other peoidine. untoward reactioneof tie aeasitiv
ity phenomena - likely to accur, pamidarly h tidit.idu
ale who have previously demonetrati hyparaeneitivity ti
prnicilfina orinthwewitb ahiatoryofelfergy, ~ha]
ferer, or urticaria.
The followingadvamemectionahavebeenreporwdwithrhl
w OfCYChdiX diarrhen(illaPPt’OXimadY1OUCOf ~ ~
thtti UWNAd), OAUaaa end vomiting (m appti L?ly 1 U
50), end S&II reah (in approximately 1 in 60). Isolated in
~ of heedeche. dbzin% abdozrtind pain. V@litiS

and “Umcaria have been reported. (see WARNXNGS.)

other lace-fmquent adyerxe reaccione which may occur am
that hava been reported during therapy with other penid
ha am anerniq thrombocytopettia tbronrhwytopenic pm
PURLIeukoper@ neutropenka end tiop~ ‘I%= ~.
tione are ueuilv twemible on dkontinuattion of theranv.
h with other Aisynthetic penidline, W elewti’&a
hew been reported.
Dosage ad AtM&r&adoa
* tile on preceding page].
Potiznta with Renal Failure
Beeedon a dcaege of 500 mg q.i.d., the bUowing adjustment
in doaaga intervef ie recammenderi

P@ienM withs cmdrrine cle-araaceof >50 ari/min need
no dcuegein~d adjuetrneraL

‘–>tientg with a cmatiaine clearance of W-.5a mvmim
wld receive full &as wery S2 heura

. atienta with a creacinine claawnce of between l&3t3
mihita ShOUid receive fd dcwmevery 18hum.
Petierrrewith a creacinine cleerence of between 10-15
mlhnim ahotdd receiw full d- every 34 bourn.
In patienra with a creadnine cleanurce of< lonrihirlor
serum creatinine -faluee of 2 10 rng%, aenun ~
Ievela are recommended to decermina both srhaequent
domge end frequency.

HOW SUppliar-k Cyclapsm-W@ (cyckUnl tileta are
availnhle im the fobwing atrengr.lm

350 MS, .NDC 003S-0614, yellow capde-shaped scored
tablet embaaaad with ‘WYEITP’ ~ “614”. ~PP~~ ~
bodes of 100 tableu

5fXl mg, WC MM364M15,yellow cepda.ehaped emred
tablet emkaeed with ‘WYETH” and “615”, SUpptid in

bottlm ax” 100 tdke.

The appeamme of Cyclapen-W tahle~ id8 registered trarb
mark of Wyeth Laboretonea.
KaP bottfee tfghdy claeod.
Diagenee in tight -mfnem.

~o~z~= for o~ Vtion is available~

EM mg per 5 ml, ANDCDCOM.599,white to pinkish-white
~erw~hdfibti~wbl~,~,d~dd
auepenaioa
9~.IilPer5dL~ C@w16m, white fo Linkiah-white
W& iU@3f in tattiea w make 100, 150,”and 300 rid of
euapenaion.

Shako wail before ueino-KeeP tiahtly ~
Ati runnetitming, ee directed on the ~ Iebei. son I
under rafrigaretiori. Otird any unwed portica aftar 14 I
deye.
Rafelwm-
1. BAUEIL .& W..KIRBY.W=. SHEKRfs,J.C,andI
TCIRCX.W: AncibiacicTeetingbya Skmimdkd Siie(
~Methcd. AM.J. Clin Par.boi. 45:493, 1%6. Standardize I

Suaceptihility TeaL PEDEIM.L REG15ER 37 ~-~

SYCLOSPASMOL@
@bY’spe %x ]

Lmpoeitloru Each blueand rrd capde wntaina 4X) mg.
yc!andelare, -d eecb bluecepaule containa XII mg, of c
:tidelaw. Each orange tablet cunraine lCO mg. cyciand
ate.
kscriptiom Cyclarrdelete ia a white emorphoua p-ml
W@ a faint menthol-like odor. It ie slightly raiuble in w
er end highly soluble in ethyl alcohol and organic aolmm
}clandelare ‘W the following structure formu.lz 3.5,
rimethylcycloheayl mendelare.
Jcdomtc CYCLOSPASMOL u an Ody @@ vamdilatt

he activity or- thie drug, aa meeaured by pharmemlagic
eeteagamat varioua typm ofammtb-muscie epasm pmduu
y acecylcholinq Irkuniae, and barium chloride, ~
bat of pepaverim pertiddy in re@ to the neurocmp
ompient produced by the aceryichnlirm CyclendelaU
meculotropi~ axing directly on vaecufar smooth muscf
nd baa no aigd%amt adrenergic atirnuhing or blockir
Ctiona.
he dmg ia not intended to mbaricute for ether approprM
wrtical or _ pmgrame in the treetmenc ofperiplren
r cerebral veecdar dieeaae.

Imiiutiorle
Baeed on a review oftbia drug by the Narional Academy
of Scien-Yational Reseamb Council aadlor or.ber
informatiau PDA bee classified the indications ea fol-
lomc
“PmsiM~ ei%mivw CYCLOSPASMOLia indicatedfor
adjuacrtve~hrapy in intermittent cfaudicarioum
ricAewaia obliteremTtbrombophlebitie (to wmtral
-ted vawxpem tid muecular iechemieri nmrur-
nal leg crampu Rayneudk pbenomeno~ and for se.
Iected Caeaeof kchemic Cerebd vwcular di6eaee.
FM claaeibtion of the lees-than-effective indications
requiree huzher investigation.

ontraindiado= CYCIASPASMOL ie wntraindicate
Ja of known hyperaenaitivirym the drug.
‘a 1-Cyclandelateahouid be ueed with exrrem
umianm pacente mtb xvere obli*rative mrrmaq arm
,cerebra.1-vaemdardieeatw,5inmtierw iaa *ility the
waediameedareaamayhe compromised byvemdhmr
hcfaofthedrug edeeubera.2UeeInPregne~Tbeaafec
“cyclaadelaterbrw duringpregnencyor lactationhas m
*. eatabw therefore,it sbouid not he uead in preqaao
omenorin wmmenefchii&earing ageuniSintbejadg
ent of the piIysicia4 ita me is deemed ataaiutely eeaenti
the welfare of tbe PC&L 3. Although no praimrgation a

eadingtime tibeendemonenatad inhumaoa incbara
!uric_itha abeendemonenated inanimate atmx
rge doere. Therefore, the baiwrti of a prolonged bledia
me shotdd & carefully mneidered when ~
ciandeiare co a patient with active bleeding or a bleedin
ndenq.
nxeutiorm Since CYCLOSPASMOL (cyd.aadeiete) ia
wcdilamr, icshould be ueed wrth caution in patienra ham
summa
dvaree I&acdom Gmtreiawstirwd diacrma(pymeie,ptt
Lderuceatimu may owur mt$ CYCLOSPASMOL T&a
mptonra cam in&equently and are ueudy nulcL Edia
no&rrbe Obwinedbytaking themedicaCion withmeada O
, the mnmnutaot ma of antemda.
ild flush, ~ fdbg of week.- or &@
aycccur. dyduringthedrec weekaoiad d

m.

mageattd A+ ““” tiom It ie alb adwmugwmm 5
itia~ the~py, at bigher dceegx e-g: 12.W-1600mg. pe
LY.B=. m mmdad do3ea before Uraaje and @ ~
henaclmid mspoaee ixneted, thedmage can bede
eaaed in ~ decrements until the maintenance dmag
macbed. llleasuai meintml.ancedaeageOf CYCLOSPAS
OL (cy&nr&m )tibetween4(Darrd~~perda
ven in two to four divided &wee.
Itbougb obj- eignaoftharqeutic t-rneilt may bwrapi

Ad drama~ - orlen. Uris improvement occursgmiu
aily overweeks of thaapy. It u eurmglyrewmmendedr.ha
the patientbe~d b the fact that praiorqeduse may b
n- b?? W of CTCLO.SPASMOL. k -
beneodnor xithkaiymbeo(any permanen t vailrra

xi-mm Availebk Ye?.
[m. 301s-2 T/1ua31
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DIPHTHERIA AND T~ANUS B
TOXOIDS
[d$the’mzh ond w ‘ah-nustok‘roi& ]
ADSORBED (PEDIATRIC)
aluminum phoephate ●daorbed.
ULTRAFINED@

_om A.@eDe adaarbed on ahumnum phcepkre.
Preaermtive ie 0.01% tbirneraaal (mercury derivative),
How%rpplfab Vi of 5 ml.; end O..%-al.‘TuaEx@Sterile
-Needle Unite,peckegeYof 10.
Fw pmeo+bing information UIrik to &fasswmi SeruiwAWy
rthLaborataies Bnr 8299.Philaoklphiq PA 19101,or con-
tact par &al Wyethreprawntatiua

E(LUAGSSIC@
[A “wje ‘rik ]

@B

(mepdamare titb a@rird

-o= ~h Met Of %-c mmine zoo w
Oleptt&Mete and 3!25MSaepti.
Actiom Mepmhernate is a carbamete derivative which
baYbeen drown (in aninraf and/or human etudiea) co have
effects et multiple aita im the central nervous qararn, in-
chxlins the thalantua and litnbic qatem.
As@-in,~tylaalicy~c acid. ie a nonnarcotic analgeaic with
artttpyreuc end ammnfbmmarory properriera.
Indicetionx ASan adjunct b the short-taut treatment of
pain acwmpattied by tension red/or anxiety in patienta with
muambekeletd dieease. Clinical triale have demonstrated
that in these eituationa relief of pain ia somewhat greater
cben with aspirin alone.
The effectiwa- of Fqageaic in Ionq-terrrr uee, that ie. more
than 4 montbe. bee not been aswswd by ayarematic clinical
SOJdk The pbyeician should periodically ~ the uee-
faln~ of the drug for the individual paUenL
Cortn9indiationx
ASPLRR+
Allergic or idiosyncratic reactions to aapirin or related mm-

pnln&

MEPROBAMATE
Acute intermittent pn-phyria and allergic or idioapxra.tic
mectime tu meprobanrete or related mmpounde, such aa
s mehuut.rate, or carbrornal.

AsPfRxN:
- smd be d with eatreme caution in petienta
mth peptw ulcer, aethma. coagulation abnmmalitiea, by-p
~tieti ~ti K deficiency, or in thaw on errti-
-t therePY.
Imrere&mncee, tbeuseefeapirin inpemm9 ailergicto
~ maY ~t i. Ma-&r@miag ailergic epieodee.
MEFROBAMATE
DRUG DEPENDENCE Phyuicnldependencepaychobgkal
~ eodabw be wcumed.Chronicintoxication
frompolongadbgestianof.usually,gnwt.er-ttran-recam-
men&d doses iemanifeeted bya@xia, ahuredspeech,and
W* Tberefor’e.M ~pation of dwe and amounti
pmuitwd is arMaed, ae wail ae avoidance of prolonged ad-
~.. -Y for tihotica and other petienta
with a known pmpeneity for t4king exces&w quentitiea of
*
Sudden withdrawal of the drug after prolonged and ex~
sive me may precipitate recurrence of preemsing ayrnptorrra
such m anriecy, anorexia. or ineomnie, or withdrawal reac-
tiona 9ch as wxniting, ~ tremors. mu9cle Lwitchrg,
mnfuaiad slataa irailwimwia, and, rarely, mrrvulaive aei-

eeimreee mmorelikel ywocfurin pewonarnth

-~= damage or pmamiatent or Merit mn-
vaieive dimrders onaetof witbdraml19ympwrne Owura
umailywithin 13 to 4S bournafter dicwntiuacion of mep~
-qmptorne mwallywaaewithinthemexr lZ-to4S-
bour period.
men emeaaiw - b- m.cifwd for weeke or months.
dmegeshould bereduced gradually owrapericd oflto2
weeks mtbar than abruptly 9top@ Alternatively, a ehart-
~ Miti may be euketituted, then gradually wich-
drawn-
~Y HAzARDo US TASKS: Patiema should ‘w
warned that meprobamate may impek the mental or phyei-
ai abilitk rquired for periormenceof putemially hazard.
Ou!iracks. mch ae driving or Operaring machiaery.
.UIDITIVE EFTECTS: Siice CNS-auppmwuct effecm of
mapdutw2 and elmhoi or mepmbamaw end ocher psy-
tiorrqdc druge may be additive. appropriate caution ahouid
be emnmaed with parienra who k more than one of thease
agenrd aimukarreuuaiy.

USAGE IN PREGNANCY
ANO LACTATION

An ,~ risk of congenital ma~doru saaaciemrt
Wlm*unafminor rmrlrluilii (meprobm ~ chlodiu-
~end~mld~tifimt mrnesmrafm
---~ in-la’nadk s-aueauaa~
chmdmgs iammfyametzerafu~. ~wedw@o

Co3rtinued m - PW
1



Bcnzyl NicotinateJCyclandelate 1617

---

___

Nytidrfar Hydrocbterk!e Thkkta (U..’l).). Tablets contain-
ing bupheninr, hydrochloride. Store in airtight corrtain-
crs.

proprietary Names
Arlib,d. (US V/ram/n, ,irg.); Arlidin (fJ’SV, Card;
US V Pkrrmaceu Iical Corp., USA), Bufcdum (Ccdona,
Ne:h.); Dilatol (Troporr, Cer,); Dil ydrin (Medichcmir,
Swifz,); Opino (Ltayropkarm. frrd.); Penitardon (Woafnr,
Ger.); Pervadil (ICN, Carrad.): Tocodrin (Medichemie,
Swilz.).

Buphenitrc hydrwhloride was formerly mafketed in
Great Britain under the prrspt-ictary name Pcrdilatal
Forte (Smith & Nrphm Plwrmacermcals).

92 15-s

Butafamkte Hydroekforide.LA 1221, lVNDibutyl-
N’-(3-pherryl- 1,2,4-ozadiazol-5 -yl)ethylencdiamine hydrn.
chloride
C H N CSHCI=3S2.9.18184.

CAS — 22131 -$5-7 (butalamine); J6974-464 (hydrm

chtoride).

A white crystalline pow&r. M.p. 135” to [41”. Sokble
I in 7 of water, I in IO of alcohol, and 1 in 2.5 of
chloroform.

Butatamine hydrochloride is a vaaodilator which haa
been given in the treatment of peripheral vaaeular dis-
orders.

Pro@ctary Nmmas
Adrcvii (Zyma, Ger.): Hcmoiropc (Ardrornaco, Arg.);
Surem (CEfA, Spoirr); Surbcme (Aron. Fr.: Spmr.ra,
ItOf.).

9216-w

Baatoxyetbyl Nicothte. 2. Butoxyethyl nicotinate.
C,lH,,NOI-223.3.

CAS — 139/ 2-80-6.

Butoxyethyl nieotknate is a topic+slvaaodilamr used. in a
concentration of 2.5%, in rubcfacienl ointments.

hsprietmy Prcpssmtioars

See under Methyl Nicotinate. p.1626..

92 17-c

Cetkdil citzate. 2-(Pcrhydroazepin- 1-yl)ethyl a-cyclo-
hexyl-a-( 3-thicn yl)acetale dih ydrogcn citrate mrmo-
hydra!c
C20H,, NO*S,C6H,0,,H:0 =559.7.

CAS — 14176-IO-4 (cc fiedilJ; 1628649-4 (citrate.
arthyd?ouf).

Cetiedil citrate is a vasodilator which has bn givcm in
Ihc treatment of peripheral vaacular disorders.

After intravetwua injection of radicac!ivcly Iabclkd
ceticdil. 50% of the dose was metabolised within 5
minutes, and after 1 hour only Iahcllcd mctabolites were
recovered from Lhe urine. Cetiedil was also shown to be
rapidly metabolised after administration by mouth, and
after first pass through the liver only metabnlitca would
enter the general circulation I( was concluded that the
metnhntites of cetid]l were astive as inhitri! ion of saliva
secrelion persiatcd when ctticdil could no longer be
detcckd in plasma.— A. M. Soctcrboek d a/., Eur. J,
clin, Pharmac, 1977, 12, 205.

ANhma Refcrenccs to broncbndilator activity of cetiedil
citrate. J, Orchck ●t al., Notcv Presse m4d. 1976, 5,
1577; Y W, Cbo et al.. lrrr J. cl;n. Pharmnc Bio-

pharm., 1978, 16.402,

P#ripAer&fvascrder dirordem An evaluation of cet iedil,
administered intravenously, intramuscularly, or by
mouth, in the treatment of pcri heral vzscular disnrd-

Tcrs.— R. Barbc et d., C/irI Trier .r J., 1980, J7. 20,

ProprktaryNaaara
Stratme {Innothe+o, Fr.: Srgmatau, /Ial.).

9218-1

CfsromoraarHydroehlorkdc. Carbocromcn Hydro-
chloride; A27053; AG 3: Caaaclla 4489 Ethyl 3-(2-die-
thylamirrocthyl)-4-mcthylcoumarin-7-yloayacetate hydro-
chloride
cmH2,No5.Hcl= 397.9.

CAS — 804-10-4 (chromrntar): 65S-354 (hydr-
cls!aride).

A white cryshdlinc powder with a bitter taste. M.p.
about 159”. Sofwbtc in water. alcohol, and chloroform.

Chromonar hydrochloride is a vasodilator which has
been used in the prophylaxk of angina pectoris.
For reporls of pharmacological studies, ace R. E. Nitz
and E. Potmeh, Arzneimittel-Forsch.. i %3, 13.243: W.
Loshner and H. Htrche, ibid., 251; H. J. Brcwshncider
er al., ibid., 255.
Absorption, blood concentrations, and excretion of chrw
monar.— Y. C. Martin and R. -G. Wiegand, J. pharm.

54 1970, 59. I313.

Csrdiac dizoedcrs. A multieentre double-blind crownvcr
study of 187 patientswith angina pectork who received
chmmmrar for 8 wccka (79 patients) or 12 weeks (108
patients) at a doaagc of 150 mg thriec daily (73
patienta) or 225 mg thriu daily (114 psticms) demon.
atratcd sigrrifwam prevention of anginal attacks by tbc
lower dose, .wtd improvement in attack-rate and glycmyl
lrinitrate requirement by the higher dose although the
higlwr dose failed to show any advnntage over placebo
when the glyceryl trinitrrnte requirement was smmidcrcd
done.— R. J. Bing er al.. Clin. Pharmac. Ther., 1974.
[6, 4. Sec also H. Bell er 0/., ibid., [966, 9, 40.
Further references: G. Fmscan et al., Th&mpie, 1975.
30, 18$; E. Seksraven, Arzrrcimirrel-Farsch.. 1976. 26,
197; E. Schraven et al., ibid., 200; R. Sirbulescu •~ al.,
ilud., 204: N. N. K@sidzc and G M. Kikava, ibid.,
1976, 26.882.

Proprietary Naasea
Antiangor ([SM. /ra/.); Cardimrp (Fidia, //al.):
Cromenc fScharper, Irol+ [ntemain (Cosselia-Ritdel,
Bdg.; Diammtt, Fr.; Cassella-Rledel. Ger.; Pierml, Ital.;
Jap.ltochringer Mannheim. S. Afr.; Albcrr-Forrtur.
SpoirL Casse[la-Riedel, Swifz ): lntenaacrom (A16crr-
Farma, Spoin).

9219-y

ChepnzctMaleate. Cinepazic Acid Ethyl Ester
Maleate. Ethyl 4-(3,4,5 -tiimcthoxycinnamoyl) pipr-
azin- I -ylacetate hydrogen maleate.
CmHz$Nj06,C4H404- 508.5.

CAS — 2388741-4 (cirwpazet); 50679-07-7 (maleare).

A white powder M.p. 110°.

Cinepazct tnaleate ia a vnacdiiator which has been used
in the weatment of angina peaoris.
Absorption and fate of cinepazet in man. Most of a dose
given by mouth was eliminated within 24 hours, 60%
k)ng exmetcd in the urine. The major mctahokitc was
cinepazic acid .— L. F Chasacaud er d., Arzneimi/-
tel-Forsch., 1972, 22, 2003

Propietmy Nmnea
Vascoril /Delalande, Belg,; Delalandc, Fr., Delalande,
Ital.; Dclolande. Swifz. /.

9220-8

Ciocpezide Makste. I-(pyrrolidin-l-ylcarbonylmc.
[byl)-4-(3,4,5-trimethoxycimtamoyl)pi~razinc hydrogen
malcate.
C22H11N,0f,C.H404 -533.6

CAS — 2388?-46-9 (rincpozlde), 2632844-[ (malt-ate).

Cincpazidc malcale is a vasodilator which has been
given in ~riphcral and cerebral vascular disorders and
in coronary insufficiency
Pharmacology in o mds — B Poumias PI 4{., Thir-
apie, 1974, 29, 29 and 43

Pmprktrrry Narncs
Vasodista I (Delolande, Fr ; Deialarrde, Ita[ ; Delalande,
Swirz t

9221q

Chritf9roi. CloLwnhsrol. a.(Benzofuran-2-yl) -u-(4.
cblorophenyl)mctha nol.
C, fHtlCI01-25E,7.

C,4S — 3611-72-1.

A white odcrurlcss crystalline powder. M.p. about 48”.

Cloridarol has fxcn given in the prcvcniion and trcat-
mcrst Orcommryittarrfticicncy.
Pm+iary Namaa
Cnrdium (Mossone, Arg.); Mcmacor (Merrrarfrri, iral.):
Mcnoxieor (Menoeir?A.Spain).

9222-p

~:a2?’-Tri-
C,7H2403=276,4,

CAS — 456-59-7.

A white to off-white amorphous powder with a
sligb[ menthol-like odour and a bitter taatc. M.p.
below 60”. On storage it may sublime into a
crystalline form resembling cotton wool.
PractiealIy ioaohrfsk in waten soluble 1 in about
1 of alcohol and 1 in about 2 of light petroleum;
very aohtble in ether and other common organic
solvertts. Store in a cool place in airtight eorrtain-
css. Protect frotrt light.
Adwwsc Effects Nausea, gastr~inlestinal dis-
tress, or fhsahitsg may follow hi8h doses of

~~kd~%~~~sc effeets reported include tingling
and headache.
Toxicity of cyctandelate was low, though with large
doses there mi ht be flu.shin , tin lin , nauaca or
headache.— T. hinsor and C $fym~, ~hn. Pharnroc.
Ther., l%L, 2.652

Treatasaa?nt of Aslverae Effects. In severe over-
doaage the stomach sfsould be emptied by aspira-

tion and ‘a”age’ ‘f ‘Ccesv?’ the Cirm!ationshould be man-ttalned with m uslons of stntable
clcetrol ytcs, and if ncecwar y by vasoprcaaors.

Precautions. Cyciandelate is contra-indicated in
the acute phase of a tmrebrovasctalar accident.

Usca. Cyclandelate is a vasodilator usdrjnh:r~
treatmen~ of eerebrovaacular and
vaacular disorders. ltis 8iven in a Es$e of
1,6 g daily in divided doses.
Acfiom drzimal studies into the mode of action of
cyctandclate: A. B H. Funckc cr a/.. C’urr. nred, Res.
O irrion, 1974, 2, 37 (brain glucuse uptake): G. van
~U. Cuw. med. Res Opniors. 19?4. 2,2,1 (collateral
vessel (’ormalion).

Cerebrowsscnlu /i$easc. Several double-blind studies of
cyclandelalc have shown improvement in orientation,
disturbd behaviour, and vocabulary without improve-
ment in self-care, recent memory, or mod. Ncverthe-
Icas, the overall rcaulce a Fe inconsistent, and improve-
ments in clinical and psychological tests arc not a Iways
maiched by useful changes in !he activities of daily liv-
ing.— Br. med. J.. 1978, 2, 348. Scc also Drug & Ther.
Bull., t975, /3. 85. Further reviews h/cd, fAVI., 1976,
18, 38; P. Cook and 1 James, New Enr[. J Med., 1981.
305.1508 and 1560.
Individual rcprts and studies on (he role of cyclandela(c
in cercbrovsscular disease J Young ● a/.. B? J Psy-
chiar.. 1974, [.?4, 177, P. Hall. J. Am. Geriat. SOC,
1976, 24, 41; G Davies PI al,, Age and Ageing. 1977, 6.
156. D. B. Rao e{ al., J. Am. Geria[. Sac, 1977, 25,
548; R. Bra.wcur. Angm/ogy, 1978, 29. 121: B. Capote
and ?4. Parikh, J. Am. Geriar. SW., 1978, 26. 36tl G.

“ A ‘a’ding “ a’”’ ‘nm”o[a~ ‘978’ 29”’39’ “ ‘our”andcr and C. B. Blakemorc, t d., 133.
Diabetic retinopathy. In a double-blind randomised
study detcriora [ion of the blood-retinal barrier was
assessed in 22 diabetic patients, without retinal involve-
ment, by vitreous fluorophotometry after the injection or
fluoreacein, It was considered that deterioration of the
blood-retinal harrier, an early sign or diabetic rztinopa.
thy, wac delayed in the third month in those patients
gwen cyclandela!c 4CHImg four times daily for 3
months. Long-term studies were considered m be indi-
cated. - J. G. Cunha-Vaz w a[, Br. J. Ophrhal . 1977,
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CYCLANDELATE
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151

1. Descri~tion
1.1 Name, Formula, Molecular Weiqht

The name used by Chemical Abstracts for
cyclandelate is a-hydroxybenzeneacetic acid, 3,3,5-
trimethylcyclohexyl ester. It is also called mandelic acid,
3,3,5-trimethylcyclohexyl ester; 3,3,5-trimethylcyclohexyl
mandelate; 3,3,5-trimethylcycl ohexyl amygdalate; and 3,3,5-
trimethyl cyclohexanol o-phenyl -cr-hydroxyacetate Trade names
include, Cyclospasmol, Natil, Novodil, Perebral, and
Spasmocyclon (l). The Chemical Abstracts number is 456-59-7.

1.2

powder w

~,.

4

\ppearance, Color and Odor
Cyclandelate is a white to off-white amorphous
th a slight menthol-like odor.

I 1 8

3

I
CH3
9

c17H2403
M. W. 276.36

2. Synthesis
Trimethylcyclohexyl mandelate was first synthesized by

reacting Q-mandelic acid with 3,3,5-trimethyl cyclohexanol
(consisting ofcis and trans isomers) (2,3,4). Cyclandelate
is now synthesized using only the low melting (cis) isomer of
3,3,5-trimethylcyclohexanol (5,6). Esters ofmandelic acid
with the higher melting 3,3,5-trimethylcyclohexanol are twice
as toxic as those made with the low melting isomer (7). The
major side reaction product, trimethyl cyclohexylphenyl
glyoxalate, can be removed during the synthesis by treating
the crude cyclandelate with aqueous sodium borohydride (8) or
zinc and hydrochloric acid (9).

This synthesis, using only the cis isomer, results in
four isomers as described in the next section.



-

_—
.-

.—
—

..—
..—

—..—
..-.

-.
.—_

-.

,
.-

u

_-

L
\

—

1a)

u



“71

,,) ‘)

I 54 CHARLES M. SHEARER CYCI.ANDELATE I5s

3. Physical Prot)erties
3.1 Nuclear Maqnetic Resonance SDectra

The four isomers which make up cyclandelate arise
in the synthesis from the reaction of fl-mandelic acid with
~-3,3, 5-trimethylcyclohexanol and are described in Table I
(taken from Nakamichi (10)).

Table 1
Isomers of Cyclandelate

Absolute configuration Absolute configuration
Isomer of mandelic acid moietya of cyclohexanol moiety

Position 1 Position 5

A s R R
B R s s
c R R R
D s s s

----- ----- ----- ------ ------ ----- __________ ------ ----- ----- ---
a) The cyclohexanol moieties of A,C and B,D are levorotatory
and dextrorotatory, respectively (11). The absolute
configuration of (-)-&-3,3,5-trimethyl cyclohexanol is
assigned as R on the basis of its chemical correlation with
pulegone (12).

The proton NMR sample (Wyeth-Ayerst Reference Standard No.
1361) was dissolved in deuterated chloroform containing
tetramethylsilane as an internal standard. The spectrum was
obtained (13) on a 400 MHz Bruker spectrometer and is
presented as Figure 1. The spectral assignments are listed
in Table II. The C-13 NMR sample was also prepared in
deuterated chloroform and its spectrum obtained (13) on a
100 MHz Varian spectrometer. The spectrum is presented as
Figure 2 and the spectral assignments are listed in
Table III. The spectra are in agreement with those of
Nakamachi (10).

3.2 Infrared SDectrum
The infrared spectrum of a KBr pellet of

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361) was
obtained (14) on a Nicolet 20 DX instrument and is presented
as Figure 3. The spectral band assignments are given in
Table IV.

J

!
i

Ill

~~
1500 1000 500

Wa#enumber (Cm–I)

Figure 3 - Infrared Spectrum of Cyclandelate
(Wyeth-Ayerst Reference Standard No.
1361) KBr pellet
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Table II
Proton NMR SDectral Assignments of CYclandelate

Chemical Shift Number of Assignment
$p~m from TMS) Protons

5 Aromatic Clj
5:10 d 1 B-C-OH
4.95 m 1 ~-c-oc
3,47 exchangeable 1 u-o
2.1 - 0.6 17 Aliphatic Cl-i, CH , CH3

0.94 s gem Cl+ (AB pa{?’)
0.88 s gem Ct13 (CD pair)
0.84d (J = 6) HC-Ct13 (AB pair)
0.91 d (J = 6) HC-Cti3 (CD pair)

Table III
Carbon-13NMR S~ectral Assignments for Cyclandelate

Carbon ppm

1 73.3
2 43.7 (AB) 43.2 (CD)
3 32,2 (AB) 32.1 (CD)
4 47.3
5 27.0 (AB) 26.9 (CD)
6 39.7 (AB) 40.1 (CD)
7 32.9 (AB) 32.8 (CD)
8 25.4 (AB) 25.3 (CD)
9 22.0 (AB) 22.1 (CD)
1 173.1
2 72.8
1 138.6
Z, 6 126.3
3, 5 128.4
4 128.1

Table IV
Infrared Spectral Assignments for Cyclandelate

Wavenumber (Cm-l) Vibration Mode

3460 OH stretch
3100 - 2800 CH stretch
1730 C=O stretch
1212, 1192 C-O-C stretch
730, 695 out-of-plane bending of

monosubstituted aromatic

‘1

)
CYCLANDELATE 157

3.3 Ultraviolet Spectrum
The ultraviolet spectrum of cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361 recrystallized to remove
0.1% 3,3,5-trimethylcyclohexyl phenylglyoxalate) in USP
ethanol is presented as Figure 4. The absorptivities are as
follows:

A max(nm)
269 0’?57 1:75
258 0.73 2020
251 0.59 1630

3.4 Mass St)ectrum
The mass spectrum of cyclandelate was obtained (15)

by electron impact ionization using a Finnegan MAT 8230
spectrometer and is given as Figure 5. Identification of the
pertinent masses is presented in Table V.

Table V
Mass Spectrum Fragmentation Pattern of Cyclandelate

m/e Species

276 M+

125
C9H17+

107
c6H5cH0H+

83 CH2CHCH2C(CH3)2+

79
C6H5+

69 CH2CHCH2CHCH3+

55 (CH3)CCH2+

3.5 Meltinq Rancie
Observed (16) melting range (USP Ia) for

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361) is
55.0° - 56.5*C.
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Figure 5 - Mass Spectrum of Cyclandelate
(Wyeth-Ayerst Reference Standard No.
1361)
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3.6 Differential Scanninq Calorimetry
The DSC thermogram (14) for cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361) is presented as Fiqure 6.

in a nitrogen atmosphere utilizing a
thermogram exhibits no endotherm or
that associated with the melt.

3.7 Volubility
The following solubities at

been observed (16).

USP Classifications:
Solvent
Water
Methanol
Acetonitrile
Ethyl acetate
Dimethylformamide
Toluene
Chloroform

The thermogram was obtained at a heating rate of 10”C/~inute
Perkin-Elmer DSC-2. The
exotherms other than

room temperature have

Volubility
insouble
very soluble
freely soluble
freely soluble
freely soluble
freely soluble
very soluble

3.8 Crystal Properties
The X-ray powder diffraction pattern of

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361)
obtained (14) with a Phillips diffractometer using copper Ka
radiation is presented as Figure 7. The calculated “d”
spacings are given in Table VI.

19.04
11.72
9.55
7.80
7.34
6.77
6.11
5.59
5.27
4.97

Table VI
X-Ray Diffraction Pattern

U. fl

100
4

4;
34
15
21
13
9

71

4.72
4.56
4.42
3.99
3.90
3.85
3.77
3.71
3.57
‘-)cc

69
11
14
32

:;
17
15
8
n

o
x
w

1-

a

I

I

z
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’20
I I I

Figure 6 -

40 60 80 100 120

Temperature (C)

Differential Scanning Calorimetric
Thermogram of Cyclandelate (Wyeth-Ayerst
Reference Standard No. 1361)
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A randomized, double-blind, placebo controlled study to investigate the
long-term effect of Cyclospasmol (cyclandelate) on the abnormal
permeability of the blood-retinal barrier was performed in 26 patients with
insulin-dependent diabetes mellitus for at least 1 year and minimal
retinopathy. Cyclospasmol 400 mg or placebo capsules were taken 4 times
daily for 12 months by equal numbers in both groups. Each patient
underwent a routine ophthalmoscopic examination, retinal fluorescein
angiography and quantitative vitreous fluorophotometry to assess the
permeability of the blood-retinal barrier just before the trial and following
6 and 12 months of therapy. Laboratory tests for determining blood and
urine glucose levels and blood HbA1-levels were also carried out at these
assessments. Statistically significant changes in diabetic control, in
HbA1-levels or in the frequency of retinal microaneurysms could not be
shown in either treatment group during the trial, nor were there any
significant differences in these parameters between the two groups.
Analysis of fluorophotometric data on fluorescein penetration into the left
posterior vitreous demonstrated significant reductions in this parameter
during the trial compared to the pretreatment level in Cyclospasmol
treated diabetics. These changes in the pretreatment level after 6 and 12
months also differed significantly between the two groups. However, this
statistically significant beneficial reduction in fluorescein penetration into
the left posterior vitreous did not occur in the right eye in the Cyclospasmol
group. In placebo treated patients a consistently deleterious trend for this
parameter was observed for both eyes during the one year
study.(ABSTRACT TRUNCATED AT 250 WORDS)

Blood-Retinal Barrier/*DRUG EFFECTS
Cyclandelate/*THERAPEUTIC USE
Diabetic Retinopathy/*DRUG THERAPY
Mandelic Acids/* THERAPEUTIC USE

1 of2 5/6/98 11:53 AM



http://l3O.14,32,47/cgi...client?15839+detail+l+l

ADDITIONAL
MESH–-.~=- : SUBJECTS:

PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

Adolescence
Adult
Clinical Trials
Double-Blind Method
Female
Human
Male
Middle Age
Random Allocation
Time Factors

CLINICAL TRIAL
JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

Eng

O(Mandelic Acids)
456-59-7 (Cyclandelate)

__—_

http/1130.14.32.47/cgi-binAGM-client?15839+detail+l

.

Zofz 5/6198 11:53 AM



http://l3O.14.32.47/cgi,,,M-elknt?15839+detailt6 http://l30.14.32.47/cgi-bin/’IGM-client?l5839+detailt6

ABSTRACT:

.-

MAIN MESH
SUBJECTS:

ADDITIONAL
MESH
SUBJECTS:

Cyclandelate inhibits calcium-induced contraction of vascular smooth
muscle cells, platelet aggregation induced by thrombin,
platelet-activating-factor and adenosine, and also suppresses a provoked
5HT release from platelets. This pharmacological profile suggests that
cyclandelate may have a potential prophylactic effect in migraine. To test
this hypothesis, a double-blind multicentre study was performed in 214
patients to investigate the efficacy and tolerability of cyclandelate
compared to placebo and propranolol. After a 4-week baseline period,
eligible patients (randomization 3:2:3) were treated for 12 weeks with daily
doses of 1.200 mg cyclandelate (n = 81), placebo (n = 55) or 120 mg
propranolol (n = 78). Thenumberofmigraineattacks(>or= 50%
responders)andthemigraineduration/monthwerecomparedbasedonthe
differencebetween baseline and the last 4 weeks of prophylactic treatment.
The percentage of patients with a reduction in migraine attacks of > or =
50% treated with cyclandelate (37.0°4) or propranolol (42.3?40) was not
significantly superior to placebo (30.90/o; p > 0.025). The mean duration of
migraine in hours (h) per month decreased in both active treatment groups
(cyclandelate: 36.8 h, p = 0.046; propranolol: 34.4 h, p = 0.039) compared
to placebo (13.7 h) without reaching statistical significance (alpha/2=
0.025). Theclinicalefficacyofcyclandelateandpropranololwas
comparable.Adverse experiences were reported by 13 patients (16.0°/0)
treated with cyclandelate, by 5 patients (9.1 ?40)treated with placebo and by
19 patients (24.4%) treated with propranolol. These were drug-related in
7.1 % (n = 6) of patients treated with cyclandelate and in 9?A0(n = 7) of
patients treated with propranolol. In summary, cyclandelate has a
comparable efficacy to that of propranolol, an established drug of first——
choice in the prophylaxis of migraine. ~~ s were better than -5 0,
but not significantly so. Both active treatments were well tolerated.
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Cyclandelate inhibits calcium-induced contraction of vascular smooth muscle cells, platelet aggregation
induced by thrombin, platelet-activating-factor and ad enosine, and also suppresses a provoked 5HT release
from platelets. This pharmacological profile suggests that cyclandelate may have a potential prophylactic
effect in migraine To test this hypothesis, a double-blind multicentre study was performed in 214 patients
to in~,estigate the et%cam and tolerabilih O( cyclandelate compared to placebo and propranolol. After a 4-
week baseline period, efigible patients (randomization 3:2: 3) were treated for 12 weeks n-ith daily doses
of 1.200 mg cyclandelate (rr=81), placebo (n =55) or 120 mg propranolol (rr= 78). The number of migraine
attacks (=50% responders) and the migraine duration /month were compared based on the difference
between baseline and the last 4 weeks of prophylactic treatment. The percentage of patients with a reduction
in migraine attacks of =50% treated with cyclandelate (37.0%) or propranolol (42.3%) was not significantly
superior to placebo (30.9%; p> O.025). The mean duration of migraine in hours (II) per month decreased in

both active treatment groups (cycIandelate: 36.8 h, p= 0.046; propranolol: 34.4 h, p= O.039) compared to
placebo (13.7 h) without reaching statistical significance (a/2=0,025). The clinical efficacy of cyclandelate
and propranolol was comparable. Adverse experiences were reported by 13 patients (16.0%) treated with
cyclandelate, by 5 patients (9.1%) meated with placebo and by 19 patients (24.4’%)treated with propranolol.
These were drug-related in 7.1% (n =6) of patients treated with cyclandelate and in 9% (n =7) of patients
treated with propranoloI. In summary, cyclandelate has a comparable efficacy to that of propranolol, an
established drug of first choice in the prophylaxis of migraine. Both drugs were better than placebo, but not
significant y so. Both active treatments were well tolerated. ‘D Cycianddate, double-blind, placebo, propranolol,
prophylaxis of migraine, tolerability
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Patients with frequent, prolonged and severe
migraine attacks require migraine prophylaxis. A
@uction in the frequency of attacks and the dura-
tion of migraine are two important aims. The mode
of action of most drugs used in migraine prophylaxis
k not known. Furthermore, no animal models are
available to establish the mode of action of these
medications. The prophylactic effect of beta-blockers,
the most widely used drugs in the prophylaxis of
—
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migraine, was discovered by chance in patients
treated for hypertension who at the same time suf-
fered from migraine. Propranolol (1-6) has convinc-
ingly been shown to have migraine prophylactic
activity, This activity has been confirmed by Holroyd
et al. (7), who performed a meta-analysis of studies
on propranolol in the prophylaxis of migraine. The
.53 studies included 2403 patients who were treated
with the beta-blocker propranolol (medium standard
dose 160 mg/day) versus reference substances or
placebo. On a~’erage, propranolol resulted in a 44%
reduction in migraine acti~tity when daily headache
recordings were used to assess treatment outcome
and in a 65% reduction of migraine activity when
less conservative measures (e.g. clinical ratings of
improvement, global patient reports) were used. The
dropout rate due to side effects was 5.3?Io.

Cyclande}ate inhibits provoked calcium overload
in neurons (8), calcium-induced contraction of
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vascular smooth muscle cells (9–10), and platelet
aggregation induced by thrombin, platelet activating
factor (PAF) and adenosin (11). In addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-13) and protects against provoked cortical dam-
age in a mouse model of focal ischaemia (14). This
pharmacological profile suggests the likelihood of a
prophylactic activity in migraine.

Earlier studies have indicated that cyclandelate
given at a daily dosage of 1600 mg indeed has
an anti-migraine prophylactic effect. In a small pilot
trial (n =40), Nappi et al. (15) showed that cyclan-
delate was almost equally effective to flunanzine.
Mastrosimone et al. (16) (n= 84) described a signifi-
cant superiority of cyclandelate to pizotifen. Gerber
et al. (17) (n= 84) observed a clinically relevant
decrease in migraine symptoms with cyclandelate
which was comparable to that of propranolol.
Cyclandelate was well tolerated in all efficacy
studies and exhibited the smallest incidence of
adverse events compared to the reference drugs used
(15-18).

Methods

To test the hypothesis that cyclandelate is more
effective than placebo in the prophylaxis of migraine
using the minimal effective dosage of 1200 mg/day,
a randomized, parallel-group, double-blind multi-
centre study was performed. As a secondary hypo-
thesis, comparative efficacy with propranolol (120
mg/day) was investigated. T’he study was approved
by the respective local ethics committees.

inclusion criteria

Patients between the age 18 and 60 years; male or
female; migraine with and /or without aura accord-
ing to the IHS criteria (19); migraine history of at least
12 months’ duration; a mean number of 2-10
migraine attacks per month withinthelast3 months
prior to the study; and signed informed consent were
admitted to the study.

E.dusion criteria

Pregnant or lactating women; psychiatric disor-
ders; concomitant non-migraine headaches >3 times
per month tvithin the last 3 months; intake of cen-
trally acting drugs or migraine prophylactic d~gs
during the 4 weeks preceding the trial; specific

contraindication to beta-blocker (asthma, diabetes,
clinically relevant hypotension, etc.) or cyclandelate
(acute stroke, glaucoma, coagulation d:.u.der);
intake of drugs to treat migraine attacks> 12 days/
month. Prior to study entry and at the end of the
treatment, the patients underwent physical and neu-

rological examinations, includin
chemistry tests.

..;~j,

Design

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophyla~c
treatment. Those who recorded 2–10 attacks on theu
migraine headache diaries during the baseIine peri~
qualified for randomization (randomization ratio=
3:2 :3) to cyclandelate, placebo or propranolol.
To avoid early withdrawals due to initial side
effects, treatment started with a 2-week run-in peri~
at a dosage of 400 mg tid cyclandelate placebo or 40
mg tid propranolol. This was followed by a 12-week
period of active prophylaxis at a dosage of 430 mg
tid cyclandelate, placebo or 40 mg tid propranolol.
The study ended with a 2-week run-out period to
avoid early recurrence of migraine, using the same
dosages as in the run-in period. Additional medica-
tion to treat acute migraine attacks was allowed for
up to 12 days/month for the duration of the study
including the baseline period. Patients were required
to come for a check-up visit at the end of the baseline
period and at weeks 10, 14, 18 and 20 (Fig. 1).

Migraine headache diary

All patients kept a structured weekly diary and
recorded daily migraine events: occurrence of
migraine attacks; impairment of working ability;
intensity of headache (measured by a visual analogue
scale); duration of headache and migraine attack;
intake of migraine medication during the attack;
concomitant symptoms of migraine (e.g. photo- or
photophobia, nausea, autonomic disturbances, etc.).
Patients were also asked to record adverse events
related to the prophylactic medication. The attending
physician was requested to transcribe the frequency
and duration of migraine attacks and adverse events
in the Case Report Forms (CRFS) at each visit.

Anfllysis of diaries

At the end of the study and prior to breaking the
code, the attending physician evaluated all migraine
headache diaries, blinded to the number and total
duration of migraine attacks at baseline and in the
last 4 weeks of prophylaxis. This diary database was
used for primary analysis applying the following
guidelines: (a) If migraine attacks occurred on two
consecutive days within a time interval of less than
24 h, this was counted as one migraine attack; (b) the
migraine duration was defined as the sum of all
migraine hours documented by the patient in the
diary within the 28 days preceding the end of
baseline (week 4) and prophylactic treatment visits
(week 18) (Fig. 1): (c) in cases where the ~atient was
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baseline run-in 12 weeks prophylaxis run-out

1
800 mg / d

1
1200 mg/d 800 mg / d cyclande!ate

1
80mgld 120mg/d 80 mg / d propranolol

placebo

MHD MHD
1 1

i
o 4 6 10 14 18 20 [weeks]

Fig. 1. T]me course of the study, dosages and migraine evaluation.

run-in/run-out 2 weeks: cyclandelate 4(XI mg bid vs placeiw vs propranolol 40 mg bid: 1-O-1 capsules/day
prophylaxis 12 weeks: cylandelate 400 mg tid vs placebo m propranolol 40 mg tid: 1-1-1 capsules/day
MHD Migraine headache diary: evaluation 4 \\”eeks baseline vs last -i weeks of prophylaxis
I . ..20 wkek.s scheduled check-up visits

not able to distinguish between migraine and tensicm-
type headaches, all additional concomitant s~ptoms
documented in the diary were taken into consideration.

Endpointsand statistics

Two equivalent primary endpoints were defined: (a)
“rate of responders”, i.e. Patienk with =5090 reduc-

‘q in the number of migraine attacks; (%) mean.—
graine duration” in hours. The migraine para-

meters were calculated using the values of the last 4
weeks of the high-dosage period compared to those
of the 4-week baseline period. Efficacy was assumed
if cyclande]ate showed significant superiority to pla-
C&O at an alpha-adjusted two-sided significance level
of a/2=().()25 in at least one of the two target criteria.
F~her’s exact test and the f-test for independent
samples were USeCI as statistical methods for the rate
of respondersandrn@a&Cturation, respective y.
TWO patientpopulationswereClefined for statistical

analysis, all randomized patients (intention-to-treat
[1’lT] group) and clinically relevant patients (per
protocol [PP] group), All drop-outs after baseline
were includ~ in the intention-to-treat analysis on the
basis of the ]ast-va]ue-earned-forward method.

Secondary endpoints were the efficacy of propra-
no]ol versus placebo and equivalent efficacy of cylan-
delate compared to propranolol. Additional secondary
endpoints were change in intensity of headache,
intake of analgesics or migraine drugs, number of
working davs lost due to migraine, frequency and
~Verity of ad~’erse events. For the secondary end-
points, adverse e~,ents and intake of acute migraine
medication, only posthoc analyses are presented.

–=%’ number of patients

.@uming a 60% response rate with cyclandelate
~d 30% with placebo and a reduction in migraine.-*.,,

duration of 4 h with placebo and 8 h with cyclande-
Iate with a standard de~’iation of 6 h, the sample size
for cyclandelate and propranolol was calculated at
n =75 and n =50 for placebo in the randomization
ratio of 3:2:3. These case numbers are sufficient to
find a statistical] y significant difference between cyc-
landelate (or propranolol) and placebo at a/2=0.025
with a beta error of 2070.

Post-hoc analysis

The intake of medication to treat acute migraine
attacks is knowm to be an accompanying critical issue
for the evaluation of headache duration in clinical
trials for prophylactic treatment. Therefore, all
patients were stratified based on the intake of anal-
gesics/antimigraine drugs during a defined number
of weeks in the course of the trial. To obtain new
insight into possibly different response properties of
the IIT patient database, the >50% response criterion
reduction of migraine duration was combined with
the criterion “intake of acute medication over less
than 5 weeks” during the 16 weeks of treatment
(double response criterion).

Results

Study population

The study was initiated in November 1991 and
finished in April 1994. Twenty-one screened patients
did not qualify for randomization. A total of 214 ITT
patients in 17 centres were randomized after com-
pleting the baseline period, 81 patients (37.9%) were
treated with cyclandelate, 55 (25.7%) with placebo
and 78 (36.4%) with propranolol. For~ patients had
to be excluded from the In analysls for various
reasons (Table 1) and 174 patients (cyclandelate n =67,

placebo n= 39, propranolol n =68) remained for the
PP analysis.
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Table1. Patients violating protocol requirements.

Reasons for exclusion from ITT database n=40

Early study terrninationinot drug-related rr=15

<2 attacks during baseline pr-iod (one <24 h) n=8

Evaluation of diary not pm.sibie n=7
Controi visit missed by >2 weeks n=6

Intake of additional medication z 15 days/4 weeks n=2
Age c 18 or >60 years n=2

Demogmphic and baseline iiota (Table 2)

The three treatment groups were comparable in
terms of age, distribution of gender and history of
migraine (Table 2). The three treatment groups were
comparable with regard to number of attacks/
4 weeks, intensity of pain during attacks and intake
of acute migraine medication. The mean duration of
migraine in hours/4 weeks and the standard devia-
tion was slightly greater in the cyclandelate group
than in the placebo and propranolol groups. How-
ever, the differences did not reach statistical signifi-
cance.

.,
cEPn4LALiai

Withdraulals afier randomization

Thirty-six patients (16.8%) dropped out afi~~
domination (cvclandelate n= 16, ulacebo n =8. n - ,.=

pranolol n= 12~.The frequency of ~ithdrawab-~n~a
cyclandelate and propranolol was comparable, ~~
nurnericall y higher compared to placebo in the em
cacy-related and possibly drug-related reasons. T&
overall distribution of all reasons for withdrawm ~
given in Table 3.

Efficacy

Primay eruipints

The first primary endpoint (z SO% reduction of
migraine attacks) was met by 30/81 (37.0%) patien~
treated with cyclandelate and 17/55 (30.996) pati~
treated with placebo. There was no significant diffe~
between the two groups (p>O.025). In the propranolol
group the response criterion was fulfilled by 33/78
(42.3%, P>O.05VS placek) patienk. Sti results wezp
obtained for the per protocol analysis (Fig. 2).

The mean absolute reduction of migraine
duration/4 weeks (second primary endpoint)
was 36.8*73.7 h with cyclandelate compared . to

7htie2. Comparison of the three treatment groups.

Total Cyclandelate Propranolol Placebo
Patient characteristics rr=214 n=81 n=~8 n=55

Demographicand baselinedata
Mean age (years) 39*12 39~12 4i3f13 39ill
%

Women 167/78.0% 66/81.5% 60/76.99. 41/74.5%
Men 47/ 22.0% 15/18.5% 18/23.1% 14/25.5%

Mean migraine history since (years) 19?12 ]8f]2 21t13 19*1]

Migraine with aura %/ 26.2% 24/29.6% 18/23.1% 14/25.5%

kfigraine without aura 156/72.9’% 56/69.1% 59/75.67. 41 /74.5%

Migraine with + without aura 2 1 1 0

No. of patients with acute migraine medication:
Analgesics/antirheumatics 142/66.4~c 53/67.9% 51 /65.4% 36/65.5%

Specific migraine drugs 127/59.3% 46/56.8% 49/62.8’% 32/58.2%

Cvclandelate Propranolol Placebo

Migraine basefitw dafa
Mean number of attacks/4 weeks ~fl 4*2 -lfz

s-l attacks 3ZI 3fl 3f]

Mean migraine duration/4 \$eeks (h) 88~79 81 f~(J 73f41

<4 attacks 81 *79 69f4fj 71 Z-Q

Pain intensity during attack
Severe
Moderate
Mild

27/33.39. 26/33.370 17/30.9%
51/63.070 49/62,8% 31 /56.4%

3/3.7% 3/3.87, 7/12.7%

Additional medication during attacks
Never 6/7.4% 3/3.8% 2/3.6%
s>metirnes 23/28.4% 24/30.8% 15/27.3%

Every attack 52/64.2% 51 /65.4% 38/69.1%
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1?3. Reasons for withdrawal

Total Cyclandelate Propranolol Placebo

n=214 )1=81 11=78 n=55

Reason n=36 n=16 n=l.2 /1=8
No. of patients (%) (16.8%) (19.8% ) (15.4%) (14.49C)

Not drug-related 15 (7.0%) 5 (6.270 3 (3.81) 7 (12.7%)
Efficacy-related (total) 8 (3.7%) 5 (6.2%) 3 (3.8Ci)

Complete relief 2 (0.9%) ~ (~,j~)
Lack of efficacy 6 (2.8%) 3 (3.7%) 3 (3.8%)

Adverse events (no. of patients) 13 (6.1%) 6 (7.4%) 6 (7.79() 1 (1.8%)
Side effects 9 (4.2%) 5 (6.2% ) 4 (5.1%)

1%] Rate of Responders

ao ––

ITT PP

Su

[hours; Mew Reduct,m ,? Ho”r5

Fig. 2. Rate of responders (>50% reduction of attack
~-+quency/4 weeks) compared to baseline.

.’=lntention-to treat PP. per Protocol

cycl =cylandelate Plac=placebo Prop =propranolol
●p>0,05; cx/2=0.025 (Fisher’s exact test, 2-sided).

13.7*51.7 h with placebo (p= O.046), Proprano]o]
reduced the migraine duration on average by
34.6 *58.8 h (p= O.039). These results were clinically
relevant for both active drugs, but failed to achieve
the adjusted significance level of a/2=0.025 (ITT).
%rtilar results were obtained for the per protocol
analysis (Fig. 3).

Secondary endpoints

Equivalence of cyclandelote and pmpranolol. No signif-
icant statistical equik’alence of cyclandelate and
Propranolol was found in either main efficacy
criteria (p= 0.05, I-sided).

‘@f hoc analysis

The analysis of & subgroup of patients that
f’ldfdled the response criterion of a >50% reduction
of tigraine duration with an intake of acute medi-
.Qticm over less than 5 weeks during the course of

.--=~, study showed cyclandelate to be significantly---

~p?nor to placebo (32.1% vs 12.7’%, p= O.014) in
st to propranolol (19.29”, p> O.05). The analysis

Fig. 3. Mean absolute reduction of migraine duration/4 weeks
compared to baseline.

IIT = intention-to treat PP=per Protocol
Cycl =cyclandelate Plac=Placebo Prop= Propranolol
●p>0,05; a/2=0.025 (t-test for independent samples, 2-sided

of the complementary responder groups with an
intake of acute medication during more than 5 weeks
did not show any significant difference between
placebo and active drug.

The l-sided equivalence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1% vs 19.2%,
p=o.oo7).

Tolerability/side effects

Blood pressure and blood chemistry remained
unchanged throughout the trial in all three treatment
groups. In the propranolol group the heart rate was
reduced on average by 5 beats/ min. Thirteen of 81
(16.0%) patients treated with cyclandelate, 5 of 55
(9.1%) patients with placebo and 19 of 78 (24.47c)
patients with propranolol reported adverse events.
Of these adverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table 4). Five patients in the cyclandelate group and
4 patients in the propranolol group withdrew from
the study due to side effects.

I
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Table 4, Side effects.

C yclandelate Propranolol
Total no. 81 78

No. of side effects 9 7

.No. of patients with
side effects 6 7

Type of side effects Increased sweating Depressed mood
Hypertension Gastric pain (2)
Sleep difficulty Gastric spasm
Depressed mood
Drowsiness
Gastric pain (2) Gastric difficulty
Respiratory diffiadty Diarrhea
Kidnev pain Brad ycardia

Discussion

The goal of this study was to investigate the efficacy
of cyclandelate compared with placebo and
propranolol on the basis of intention-to-treat and
per protocol analyses. The prophylactic treatment
showed no statistical superiority of either cyclande-
Iate or propranolol over placebo in the reduction of
frequency of attacks. The duration of migraine per
month was reduced by both active drugs to a clini-
cally but not statistically significant degree. Overall,
the clinical reduction of migraine parameters for both
prophylactic drugs was comparable, confirming the
previous report of Gerber et al. (17).

The placebo effect in this study was somewhat
high (31% for frequency and 19% for duration) but
comparable to previously reported figures, i.e. 20-
40’% for change in headache frequency (20) and
12~ 157. for headache duration (7).

We have attempted to overcome the ambiguous
and variable recordings in some patients’ diaries by
using a standardized procedure (see Methods sec-
tion) aimed at including the largest possible number
of evaluable data points in the final analysis. The
same evaluation procedure was applied in all three
treatment arms before breaking the code. Thus it is
unlikely that such a technique would bias the results
in favour of one treatment but not the other(s),

We considered that methodological errors could
have accounted for the outcome of the study. Accord-
ingly we performed two post-hoc analyses. In the
first, the double response criterion showed a signifi-
cant superiority of cyclandelate over placebo in
migraine duration, which is more pronounced than
for propranolol. This stable res~dt suggests that the
assessment of efficaq of migraine prophylactic
drugs should include a responder population encom-
passing both the reduction of migraine duration and
additional medication responders with a reduced
intake of drugs to treat acute migraine attacks. Fur-
ther studies need to be conducted to confirm this

CEPHALALCIA 16 (Ii
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hypothesis. ln the second post hoc analysis, th
patients who took sumatriptan (n =34) were exclud

4from the ITT database. Subsequently we found tti :.,
cyclandelate and Procranolol were better than da.’q
c~bo (p= 0.024 and ‘O.0~6,respective y) in reducing’t&
mean duration of migraine attacks.

The incidence of adverse events was lower with
cyclandelate than with propranolol, but drug-related
side effects were comparable. These results confirm
the good tolerability of cyclandelate reported M
earlier studies (15-1 8). Furthermore, and in contrast
with most other substances for migraine prophylaxis,
Cyclancielate has no specific contraindications other
than acute stroke and glaucoma. It could be used in

patients with contraindications for other prophylac-
tic drugs (e.g. overweight, asthmatic patients, and
patients with coronary heart disease).

Our study demonstrates that cyclandelate and
propranolol are equally effective medications in
migraine prophylaxis, but not better than placebo.
Cyclandelate is well tolerated.
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Treatment of early diabetic
with cyclandelate
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From the Department of Ophthalmology, University of Coimbra, C’oimbra, Portugal, and the
Department of Medical Affairs, Gist-Brocades NV, Delft, Holland

SUMMARY In order to assess the effect of cyclandelate on the abnormal permeability of the blood-
retinal barrier which occurs in diabetic patients before any other lesions are apparent in the retina
a well-controlled, double blind, and paired trial was carried out in 22 patients. The treatments
were randomised. The permeability of the blood-retinal barrier was assessed by vitreous fluoro-
photornetry. Each patient was examined before being involved in the trial and then another 3 times
with 1 month’s interval. The total duration of treatment was 3 months.

The results showed that the breakdown of the blood-retinal barrier as evidenced by the degree
of abnormal fluorescein penetration into the vitreous suffered a significant decrease in the diabetic
I’‘+-sts treated with cyclandelate when compared to the patients submitted to placebo administra-

and this effect is particularly apparent in the third month of treatment.

It is now widely recognised that the major problem
in diabetes mellitus does not arise acutely from lack
of control of the carbohydrate metabolism, but
from the insidiously developing vascular complica-
tions (Ditzel and Standl, 1975). The morbidity and
incapacity associated with these complications are
staggering, this being particularly true with diabetic
retinopathy, which is nowadays one of the major
causes of blindness.

In order to prevent this dramatic outcome it is
necessary to detect the disease at a very early stage
and to develop means of stopping its further pro-
gress. Its detection at a reversible stage and its
immediate and efkctive treatment would be ideal,

It has recently been shown by our group that a
significant disturbance of the blood-retinal barrier

is present in diabetic patients with apparently normal
fundi, this disturbance being apparently reversible
(Cunha-Vaz er al., 1975). This was made possible by
the introduction of vitreous fluorophotometry, a
new clinical quantitative method for the study of the
blood-retinal barrier.

There is also some evidence that from the early
onset of the disease diabetics may suffer from
innumerable cellular hypoxic injuries, caused by

_~s.study was supported by , .+searchgrant CMC 8 from the Instituto
‘-a Culture, Portugal.

. c&$for reprints: Professor Jos.! Cunha.Vaz, Clhica Oflahnc-
16gica, Hospitais da Universidade de Gimbrm Cela.s, Caimbr%
POrtugaI.

the association of an increase in oxygen demand
(Joslin, 1923; White, 1939) and a disordered oxygen
delivery (Ditzel and Rooth, 1955; Ditzel and Stand],
1975b).

It is therefore reasonable to consider the possi-
bility that the oxygen-dependent active transport
mechanisms of the blood-retinal barrier are altered
by these fluctuations in tissue oxygen tension and
that any drug which has a protective action against
hypoxia may influence favorably the course of the
disease.

Cyclandelate was the drug chosen for this trial
besause it has been shown to have a protective action
against brain hypoxia (Funcke et al., 1974). In the
past 10years a number of papers have been published
in which it was shown that cyclandelate treatment
was followed by dilatation of cxxebral vessels (Kuhn,
1966) and increased cerebral circulation (0’Brien
and Veall, 1966). Improvement of mental functions
in geriatric patients treated with the drug has been
noted by Drift (1961), Ball and Taylor (1967), and
others. These studies pointed, however, to an effect
or effects of the drug on cerebral metabolism other
than those indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistance of
rats and mice to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke et al, 1974). Cyclandelate has also
been shown to increase the penetration of gfucose
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into rat brain, and it is now accepted that the thera-
peutic efficacy of cyclandelate in cerebrovasdar
insufficiency may be based not merely on improved
blood flow but also on stimulation of active glucose
uptake by the brain.

The aim of this study is therefore to assess the
effect of cyclandelate on the permeability of the
blood-retinal barrier in diabetic patients, before
there are any apparent retinal lesions, and when a
complete recovery may lx expected.

,Nfethod and evaluation

The trial was started as well-controlled, double
blind, and paired and completed as such. The treat-
ments were randomised. The parameter measured
was the permeability of the blood-retinal barrier as
evidenced by the penetration of fluorescein after
intravenous injection.

The trial was carried out with adult diabetic
patients which were being followed up as outpatients
in the Diabetes Clinic of Coimbra University
Hospital. There were 6 men and 16 women, ranging
from 26 to 80 years of age, and averaging 524 years.
Patients having a history of eye disease or showing
any retinal lesions were excluded from this trial.
Only patients with maximal visual acuity, normal
ophthalmoscopic and slit-lamp pictures, and normal
retinal fluorescein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
late and the other with placebo. A patient who
dropped out during the course of the trial was re-
placed, as well as the other from that pair. One of
these pairs dropped out, however, only in the last
month of the trial and could not be replaced. By the
end of the trial there were, therefore, 1I pairs.

The details of the trial were explained to each
patient and consent was obtained. Each individual
was assigned to either cyclandelate or placebo, as
determined by a table of random numbers.

The doses of cyclandelate were standardised at
400 mg,:capsule, 4 times daily. The total treatment
duration was 3 months. The capsules of cyclandelate
and placebo were provided by Mycopharma-
Brocades. The key to the randomisation codes was
kept by the local pharmacist and was unknown to
the examiners until the trial was completed. No other
preparation with vascular effects was used by the
patients during the course of the trial.

Assessment of the permeability of {he blood-relina[
barrier
The permeability of the blood-retinal barrier was
assessed by vitreous fluorophotometry (Cunha-Vaz

e~al., 1975). The apparatus consisted essenti~’~’t
model 360 Haag-Streit slit-lamp which was mod%
by adapting a new source of illumination, appr~,
ate filters, a photometric detectton system, and ~
device for electrical registration of the movement o
the instrument. Each patient was assessed 4 tit-n=
the first, before being involved in the trial, th{
second, at the end of the first month, the third at th{
end of the second month, and the fourth after th
3-month treatment. For these examinations ~
10 ml intravenous injection of 10°0 sodium fluore.
stein was immediately followed by fluoresce
angiography, performed with the Topcon TRC.F~
and by vitreous fluorophotometry 1 hour later. ~e
fluorophotometric curves were recorded by a
Polaroid camera. Because the values in the anterior
vitreous, near the lens, are variable and influe~
by fluorescein penetration through anterior routes,
only the posterior half of the curve was analysed,
The lower area A as indicated in Fig. 1 was roughly
integrated, this value representing a true value of the
concentration of fluoreseein in the posterior vitreous.

The values obtained for these areas in each patient
are presented in Table 1. These areas were named
AO, Al, AZ, and A,, aeeording to the occasion of
their recording, before the trial, after the first month,
after the second month, or at the end of the third
month, respect ively.

The mean values of areas O, 1, 2, and 3 in each
group of patients were first compared in order to
detect any general difference in behaviour between
the 2 groups.

Y(x) 1

1. ,, I I 1 1

DIST.tYCE .KROSS VITREOUS
x

Fig. 1 T.vpical~uoropho romefric curve. The lower area,
A under the curve represents a true value oj the

concentration of fluorexcein in the pos[erior vitreou~

--— —.-
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Table 1 Values of fluorescein penetration imo the posferior virreous in rhe 4 examinations during the 3-month frial
I
I

Placebo C.vclandelcrt’

Fluorescpin penetration Fluoresce in penetration
s. .<0. .4gr:sex Clinical S. No. A@Sex Chmcal

.40 A, A, A, in[ormotion A, A, A, A, information

1 6C;F 6 I 73 91 9.2 2 59iF 37 67
4

83 75

SOF 54 41 69 70 3 801F
6

93 94 119 102
47M 44 40 66 59 5 51;F 48 5.9 94 97

a 42’F 33 67 57 84 7 55;M 46 63 91 91 Minimal hard

9 33(F 67 65
exudates

66 69 10 26/IF 54 79 47 4s
12 6WM 75 7.6 84 96 II 57/M 6 ? 60 71 4.9
15 64 ‘F 59 5.9 92 10-3 Minimal hard exudates 16 42; F 78 60 7.0 54
18 441M 44 4-o 55 5.5 17
20

tiIF 47 70 82 82
46!F 36 68 102 91 19 60F 46 61 76 65

21 49 ‘M 17 37 53 7.6 Hard cwdams: signs of ~~ 50 F 22 36 75 49

leakage on angi~graph}
26 42;F 48 40 87 100 Signs of Icakagc on 15 61’F 60 64 7 ‘i 67

angiogra phi
Mean 4s9 551 748 8-14 539 64S 8.05 7.08

The parameter that was used to test efficacy of
the drug v. the placebo was the differertee between
t~ fltrorescein concentrations in the posterior

‘-rots at the final examination, represented by A8,
the fluorescein concentrations at the previous

visits (Ai, Al, and AO).
For each patient (1 I drug, 11 placebo) these

differences (Aa -.& A, - A,, and A, - At) were
subjected to statistical analysis. A final complement-
ary analysis was made taking into account
simultaneously for each patient, the differences
Al - AO and A$ - At, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-retinal barrier. A, - AO
represents the natural evolution of the disease, the
effect of treatment being then minimal; At - A*
represents best the effect of treatment.

The following standard statistical methods were
used: Student’s t test and standard deviation.

CLINICAL ASSESSMENT

The visual acuity was tested for each patient and
he was examined 4 times by ophthalmoscopy,
during the course of the trial, at the beginning and
at the end of each month.

Results

Assessment of (he permeability of the Hood-retinal
barrier by vifreous fluorophotomelry
The mean values of the areas under the fluoro-
photometric curves, representing the fluorescein
penetration into the posterior half of the vitreous,

~=~tain~ from each patient (11 placebo, 11 cycian-
:te) and from the 4 examinations were graphically

~totted (Fig. 2), The figure shows a well-defined
pattern of progressive increase in the permeability

Fig. 2 Parterns of Puorescein penetration into !he
posterior vitreous, in placebo and cyclandelate trealed
pa(ients, during the 3-month trial

9

7

5

3

1

F
--”0----

—Cyclandelate

-----Placebo

, I 1
1 2 3

Mo?tl’m

of the blood-retinal barrier, well evidenced by the
increased fluorescein penetration into the vitreous,
in the placebo-treated patients, during the 3-month
period of the trial. This pattern appeared, however,
to be completely inverted during the third month
of treatment in the patients =iving eyclandelate,
suggesting a definite improvement in the conditions
of abnormal permeability of the blood-retinal
barrier which characterises the early stages of retinal
involvement in diabetes.
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Table 2 D@rences in Jluorescein penetration into the Table 4 Differences in jiuorescein penetration into Z~ ~
posterior vifreous between the last (AJ and the initial posterior vitreous between the end of the trial (Ad ~.’
examination (Ao) the end of the second month (AJ -#$

Placebo Cyclandelate Placebo Cyclondelate

Series ,Vo. A, -A. Series No. A, - A, Series .Vo. A, -A, Series No. A, - A,

1 L3. [ 2 -38 1
4

0 2
–16 3 -09

-08
4 -0.1

6
3

–15 5 -49
-17

8
6 -07 s

–s1
–03

7 -45
9

8 –2.7 -1 0
– 0.2 10 -06 9 –03

12
10 –01

_:, 11 - [.3
15

{2 -12 11
–44 16 -24

-22
15 -It

la
16

–11 17 -3.5
-16

18 0
20

17 0
–ss 19 -19 20 -1.1

21
19

-- S9 22 -2.7
-11

21
26 – 5.2

-23
25

22
–07

-26
26

Mean
–1,3 2s

–32 -16
-i-o

Mean
z SD

-065
=0616 =0736

-096
.SD to3s7 =0298

I = 1.74; DF = 20; O1<P>OOS. f = 36; DF = 20; 0J30S<P>O@l.

This finding is substantiated when the differences
in fluorescein concentration in the posterior vitreous
between the last and the previous visits were analysed
and the values obtained from patients given placebo
capsules compared with the values obtained from
cyclandelate-treated patients. The differences in
fluorescein penetration, i.e., breakdown of the blood-
retinal barrier, between the last visit (As) and the
initial examination (AO)are significantly different at
the 10°& level between the 2 groups of patients,
placebo and cyclandelate (./= 174; DF==20; 0.1
<P> 0.05; Table 2).

This level of significance increases, however, when
the differences in fluorescein penetration are taken
between the last visit and the second and third
examinations, after 1 and 2 months of treatment,
respectively. The differences between the last visit
and the smond examination (A3 - Al), between the
2 groups of patients, are significant at the 2°4 level
(t=27; DF=20; 0.02< P>OOI; Table 3). Finally,

Table 3 Differences in f7uorescein penetration into the
posterior vitreous between the end of the [rial (.48) and
/he end of the first momh (AJ

Placebo Cyc/andt4afe

Series .Vo. At - A, Series .VO. A, -A,

1 –19 2
4

T08
– 29 3 -08

6 –19 s -38
8 –17 7 –28
9 -04 10 -3,1

12 –20 II -11
Is –44 16 -06
18 –15 17 –12
20 –23 19 – 04
21 –39 22 T1.3
26 –60 2s 703
Mean -2.6 -06
zSD =047s +0, s34

I = 27; DF = 20; 002<P>OOI.

the differences between the final observation anc
the third examination (A3 – A,) show a highly
significant difference between the 2 groups 0[

patients (1=3.6; DF=20; 0005<P> O@Ol; Table 4).
These results show clearly that cyclandelate has a
beneficial effect upon the breakdown of the b[ood-
retinal barrier which is present in the early stages
of diabetic retinopathy, preventing its progressive
increase, well evidenced in patients receiving placek
capsules. The results indicate also that this beneficial
effeet is particularly marked after a period of
treatment of 2 months. The fact that the full effect
of cyclandelate is especially well evidenced in the
third month of treatment, in contrast to the first
month when its activity appears to be minimal,
prompted us to compare the differences between
the third month of treatment (A3–AZ)and the first
month (A,-AO),i.e. (A3 – A2) - (Al - AO) between
the 2 groups. The statistical analysis of these
d inferences shows a highly significant difference
between the 2 groups (/=44; DF=20; P< O@Ol;
Table 5).

These results indicate clearly that the breakdown
of the blood-retinal barrier as evidenced by the
degree of abnormal fluorescein penetration into the
vitreous suffered a significant decrease in the
diaixtic patients treated with cyclandelate when
compared to the patients submitted to placebo
administration, and that this effect is particularly
apparent after 2 months of treatment.

CL INJCAL ASSESSMENT

The other examinations performed agree, although

in a less clear manner, with the fluorophotometric

results. As regards the clinical picture, the cases

under study are of such nature that only signs of

worsening can be accepted as true changes. The
visual acuity remained maximal in every patien!
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Table 5 Differences in jaorexcein pen?~rari.m berucen the [bird moruh of the trial (A, - Az) and the /lrsr monrh
“.41 - AOj

Plmcbo C.vclmd(+m
—

Seriex .S0. A3-.4, A, - A, Difl.-rcncc .Serie$.i”o. AZ–A, A, -A, Dtffert-nce

1
4
6
8
9

12
]~
18
20
21
26
hkan
SD

o
-01
-07
—2.7
-0:
– 06
–II

o
–!1
—~.>
-13

–12
-13
-04
–34
-01
–01

o
-04
–32
– ~.o
-08

-12
–12
.03

-07
-Of

-05
–11
-04
-21
-03
-o?
-002
=0 302

-08
17

:03
0

–01
-22
-16

0
-11
-26
-10

–30 -38
–o 1 -18
–11 -08
–17 -17
–25 -26
_o~ -2.0
-1s –02
—?3 -2.3
–.15 -26
–14 -40
– 04 -14

-2.07
=045s

t_44; DF-20:P<OOOl,

during the entire trial. Ophthalmoscopically and
angiographically, however, slight changes developed
in the fundi of 3 patients rec~iving placebo and in

_Qatient receiving cyclandelate (Table 1). These
lded the development of minimal hard exudates
some angiographical evidence of fluorescein

leakage. The angiographical changes were observed
in 2 placebo patients at the last examination,
whereas the hard exudates were seen with the
ophthalmoscope in 3 placebo-treated patients and
in only 1 receiving cyclandelate. An overall ciinical
impression was, therefore, obtained of more marked
progression of the retinal involvement in the
diabe[ics not receiving cyclandelate.

SIDE-EFFECTS

Two patients complained of nausea. This was

sufficient to provoke in I patient discontinuation of
treatment and the consequent dropping out of the
respective pair and its substitution with a new pair.
It is interesting, however, to note that {he second
patien[ who complained of nausea was receiving the
placebo capsules.

Discussion

The present trial has shown that cyclandelate in
doses of 400 mg capsule, 4 times daily, given for a
period of 3 months, has significant beneficial effect
upon the breakdown of the blood-retinal barrier
which is present in the early stages of retinal involve-
ment in diabetes, The use of vitreous fluoropholo-
metry. a clinical quantitative method of evaluation
of the permeability of the blood-retinal barrier,

~=-.~~owed the results to be subjected to statistical
“t[ysis.This showed that the progressive deteriora-

..on of the blood-retinal barrier observed in the
diabetic patients receiving placebo capsules during

the 3-month trial was arrested in the patients
receiving cyclandelate, This beneficial effect of
cyclandelate was particularly marked in the third
month of treatment, when the levels of breakdown
of the blood-retinal barrier decreased significant y,
pointing to some recovery of the disease process,
and suggesting even better results from prolonged
periods of treatment. In a less clear manner the
clinical impression obtained from ophthalmoscopy
and fluorescence angiography agreed with the
results obtained, showing an apparently more rapid
progression of the disease in the placebo-treated
diabetics. It remains now to be seen if these results
can be confirmed by long-term studies and if the
progression and development of the full picture of
diabetic retinopathy and final loss of vision can be
prevented by prolonged treatmenl with cyclandelate.

The results here reported showing a favorable
effect of cyclandelate on the abnormal permeability
of the blood-retinal barrier in the earlier stages of
diabetic retinopathy are probably due to the
protective action of the drug against hypoxia
(Funcke e( al., 1974). It is to be recalled that an
increase in retinal blood flow by direct action on
the [one of the retinal vessels wouid not appear to
have any beneficial effect, according to recent
personal observations (Cunha-Vaz er al., 1977),
which showed an apparent direct correlation between
increase in retinal blood flow and progression of
diabetic retinopathy.

The demonstration of a beneficial effect of cy-
clandelate in early diabetic retinal involvement
supports the work of Ditzel and Stand] (1975a, b)

and substantiates the hypothesis that fluctuations in

tissue oxygen tension may be responsible for the
retinal vascular complications in diabetes. Examina-
tion of the effect of this drug upon other vascular
complications of diabetes may help to indicate if

I
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these variations in tissue oxygen tension are a
general phenomenon of paramount importance in
every vascular complication of diabetes or if they
assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our thanks are due to Professor J. P. Lima, from
the Physics Department of the University of
Coimbra, for reviewing the statistical evaluations
and to Miss M. Jo~o Coelho for secretarial help.
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Treatment of early diabetic
with cyclandelate
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retinopathy

J. G. CUNHA-VAZ, J. REIS FONSECA, AND J. R. B. HA GENOUW

From the Department of Ophthalmology, University of Coimbra, Coimbra, Portugal, and (he
Department of Medical AjTairs, Gist-Brocades NY, De~r, Holland

SUMMARY In order to assess the effect of cyclandelate on the abnormal permeability of the blood-
retinal barrier which occurs in diabetic patients before any other lesions are apparent in the retina
a well-controlled, double blind, and paired trial was carried out in 22 patients. The treatments
were randomised. The permeability of the blood-retinal barrier was assessed by vitreous fluoro-
photornetry. Each patient was examined before being involved in the trial and then another 3 times
with 1 month’s interval. Thetotalduration of treatment was 3 months.

The results showed that the breakdown of the blood-retinal barrier as evidend by the degree
of abnormal fluorescein penetration into the vitreous suffered a significant decrease in the diabetic
p~’qts treated with cyclandelate when compared to the patients submitted to placebo administra-
( md this effect is particularly apparent in the third month of treatment.

It is now widely recognised that the major problem
in diabetes mellitus does not arise acutely from lack
of control of the carbohydrate metabolism, bu[
from the insidiously developing vascular complica-
tions (Ditzel and Standl, 1975). The morbidity and
incapacity associated with these complications are
staggering, this being particularly true with diabetic
retinopathy, which is nowadays one of the major
causes of blindness,

In order to prevent this dramatic outcome it is
necessary to detect the disease at a very early stage
and to develop means of stopping its further pro-
gress. Its detection at a reversible stage and its
immediate and effective treatment would be ideal.

It has recently been shown by our group that a
significant disturbance of the blood-retinal barrier
is presen[ in diabetic patients with apparently normal
fundi, this disturbance being apparently reversible
(Cunha-Vaz et al., 1975). This was made possible by
the introduction of vitreous fluorophotometry, a
new clinical quantitative method for the study of the
blood-retinal barrier.

There is also some evidence that from the early
onset of the disease diabetics may suffer from
innumerable cellular hypoxic injuries, caused by

~ ~UdyWaSS“pportcdbyresearch grant CMC 8 from the Institulo
.e

- Culture Portugal.

A..(CSS rot reprints: Professor Josf Cunha-Vaz. Cltnica Ofkalmo-
k+gica, Hospi:ais da Univcrsidade de Coimbr& Celas, Coimbrq
POrtugaL

the association of an increase in oxygen demand
(Joslin, 1923; White, 1939) and a disordered oxygen
delivery (Ditzel and Rooth, 1955; Ditzel and Standl,
1975b).

It is therefore reasonable to consider the possi-
bility that the oxygen-dependent active transport
mechanisms of the blood-retinal barrier are altered
by these fluctuations in tissue oxygen tension and
that any drug which has a protective action against
hypoxia may influence favorably the course of the
disease.

Cyclandelate was the drug chosen for this trial
because it has been shown to have a protective action
against brain hypoxia (Funcke et al., 1974). In the
past 10years a number of papers have been published
in which it was shown that cyclandelate treatment
was followed by dilatation of cerebral vessels (Kuhn,
1966) and increased cerebral circulation fO’Brien
and Veall, 1966). Improvement of mental functions
in geriatric patients trea[ed with the drug has been
noted by Drift ( 1961), Ball and Taylor (1967), and
others. ‘hese studies pointed, however, to an effect
or effects of the drug on cerebral metabolism other
than those indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistance of
rats and mice to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke er af., 1974). Cyclandelate has also

been shown to increase the penetration of glucose
399
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into rat brain, and it is now accepted that the thera-
peutic efficacy of cyclandelate in cerebrovascular
insufficiency may be based not merely on improved
blood flow but also on stimulation of active glucose
uptake by the brain.

The aim of this study is therefore to assess the
effect of cyc[andelate on the permeability of the
blood-retinal barrier in diabetic patients, before
there are any apparent retinal lesions, and when a
complete recovery may be expected.

,Nfethod and evaluation

The trial was started as well-controlled, double
blind, and paired and completed as such. The treat-
ments were randomised. The parameter measured
was the permeability of the blood-retinal barrier as
evidenced by the penetration of fluorescein after
intravenous injection.

The trial was carried out with adult diabetic
patients which were being followed up as outpatients
in the Diabetes Clinic of Coimbra University
Hospital. There were 6 men and 16 women, ranging
from 26 to 80 years of age, and averaging 524 years.
Patients having a history of eye disease or showing
any retinal lesions were excluded from this trial.
Only patients with maximal visual acuity, normal
ophthalmoscopic and slit-lamp pictures, and normal
retinal fluorescein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
Iate and the other with placetm. A patient who
dropped out during the course of the trial was re-
placed, as well as the other from that pair. One of
these pairs dropped out, however, only in the last
month of the trial and could not be replaced. By the
end of the trial there were, therefore, 11 pairs.

The details of the trial were explained to each
patient and consent was obtained. Each individual
was assigned to either cyclandelate or placebo, as
determined by a table of random numbers.

The doses of cyc!andelate were standardised at
400 mg, capsule, 4 times daily. The total treatment
duration was 3 months. The capsuies of cyclandelate
and placebo were provided by Mycopharma-
Brocades. The key to the randomisation codes was
kept by the local pharmacist and was unknown to
the examiners until the trial was completed. No other
preparation wi[h vascular effects was used by the
patients during the course of the trial.

Assemment of rhe permeability OJ the blood- re!inal

barrier

The permeability of the blood-retinal barrier was
assessed by vitreous fluorophotometry (Cunha-Vaz

“!
.,
,!.’

~
Y>

Currha- Vaz, J. Reis Fonseca, and J. R. B. H&
~$
u ,.

et al., 1975).The apparatus consisted essentia@’&
model 360 Haag-Streit slit-lamp which was m~fi
by adapting a new source of illumination, appr&
ate filters, a photometric detection system, @
device for el~trical registration of the movement ~
the instrument. Each patient was assessed 4 [im
the first, before being involved in the trial, t}
second, at the end of the first month. the third at t}
end of the second month, and the fourth after t~
3-month treatment. For these examinations’-
10 ml intravenous injection of [0°0 sodium fluort
stein was immediately followed by ffuorescenc
angiography, performed with the TopCon TRc.F
and by vitreous fluorophotometry I hour later. ~
fluorophotometric curves were recorded by
Polaroid camera. Because the values in the antetio
vitreous, near the lens, are variable and intluencm
by fluorescein penetration through anterior routes
only the posterior half of the curve was analysed
The lower area A as indicated in Fig. 1 was rough]:
integrated, this value representing a true value of th~
concentration of fluorescein in the posterior vitreous

The values obtained for these areas in each patien
are presented in Table 1. These areas were namec
AO, Al, A%, and Aa, according to the occasion o~
their recording, before the trial, after the first month
after the second month, or at the end of the thirc
month, respectively.

The mean values of areas O, 1, 2, and 3 in each
group of patients were first compared in order tc
detect any general difference in behaviour betweer
the 2 groups.

Y (x) 1

F--?---
, I I 1 , 2

Fig. 1 T.vpical Juoropho[ometric curve. The lo~~er area,
A under the curve represents a [rue value of the
concentration ojfluorescein in [he pos(erior vitreous
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Table 1 Values of fluore~cein penetration inro [he posrerior vitreous in the 4 e.raminafions during the 3-mon{h trial

Placebo Cyclandrlafe

Fluorescw pt-mtraflon Fluoresccin penetration

S. .%0. .4gr;Sex Clinical s .50. .4sresex Clinical
.4, A, A, A, information Ao A, A, A, mformatim

1 &YF 6 I 73 92 92
4 50 F 54 41 69 70
6 47 M 44 40 66 59
8 42 F 33 67 ~.~ 84

9 33(F 67 65 66 69
12 6SW 75 76 84 96
~~ M’F S9 59 92 103
18 441M 44 40 55 5.5
20 &lF 36 68 102 9 I
21 49!M 17 37 53 76

26 42;F 48 40 87 100

Mean 489 5.51 748 814

2 59,F 37 67 83 75
3 8ofF 93 94 119 102
5 51’F 48 59 94 97
7 55(M 46 63 91 91 >ilnima! hard

exudares
10 26;F 54 79 47 48
II 57!M 62 60 71 49

Minimal hard exudam 16 42’F 78 60 70 54
17 6&F 47 70 81 82
19 60F 46 61 76 65

Hard exudates; signs of ~~ 50 F ~,j 36 75 49

leakage on angiograph!
Signs or leakage on ZS 6( ‘F 60 64 77 67

539 648 805 708

The Darameter that was used to test efficacy of Fig. 2 Pa[terns of fluorescein penerra!ion inlo !he

the drug v. the placebo was the difference between posrerior vitreous, in placebo and cyclandelate treated

th. fluo~in Corlwntrations in the posterior patients, during the 3-morrth trial

.-e “ys at the final examination, represented by AS,
he fluorescein concentrations at the previous

VI*JIS{AZ, A,, a’nd AJ.
For each patient (11 drug, 11 placebo) these

differences (A3 – & A3 - Al, and A3 - A2) were z
subjected to statistical analysis. A final complement- ~
ary analysis was made taking into account

i

simultaneously for each patient, the differences .
A, -A, and A, - A,, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-retinal barrier. Al - AO ~
represents the natural evolution of the disease, the u
effect of treatment being then minimal; As – A* ~
represents best the effect of treatment. g

The following standard statistical melhods were ~
used: Student’s 1 test and standard deviation.

CLINICAL ASSESSMENT

The visual acuity was tested for each patient and
he was examined 4 times by ophthalmoscopy,
during the course of the trial, at the beginning and
at the end of each month.

Results

Assessment of the permeability of the b[ood-retinal

barrier by virreous fluorophorometry

The mean values of the areas under the fluoro-
photometric curves, representing the fluoresccin
penetration into the posterior half of the vitreous,

‘ained from each patient (1 1 placebo, 11 cyclan-----_-—
“.te) and from the 4 examinations were graphically

~tted (Fig. 2). The figure shows a well-defined
&ttern of progressive increase in the permeability

9

7

5

3

1

—C!-clandelate

-----Placebo

of the blood-retinal barrier, well evidenced by the
increased fhsorescein penetration into [he vitreous,
in the placebo-treated patients, during the 3-month
period of the trial. This pattern appeared, however,
to be completely inverted during the third month
of treatment in the patients rectiving cyclandela[e,
suggesting a definite improvement in the conditions
of abnormal permeability of the blood-retinal
barrier which characterises the early stages of retinal
involvement in diabetes.
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Table 2 Di@errces in @orescein penetration info the
posterior vitreous between the lasr (A,) and [he inifial
examination (Ae)

v,.%{.J.G. Cunha-Vaz, J. Reis Fonseca, and J. R.B. Hag
. .%..

b

Placebo Cyckmddafe

Series .Vo. A.-.4. Series .Vo. A, -A.

1
4
6
8
9

12
15
18
?.0
21
26
Mean
zSD

431
–16
–15
-51
-02
-?1
–44
–Ii
– 55
–s9
-52
–12
=0616

2
3
5
7

10
II
16
17
19
22
25

–38
– 09
– 49
–45
-06
-1.3
-24
–J5
–19
-27
–07
–16
=0.736

r = 174; DF = 20; OI<P>O.05.

This tinding is substantiated when the differences
in fluorescein concentration in the posterior vitreous
between the last and the previous visits were analysed
and the values obtained from patients given placebo
capsules compared with the values obtained from
cyclandelate-treated patients. The differences in
fluorescein penetration, i.e., breakdown of the blood-
retinal barrier, between the last visit (A$)and the
initial examination (Ao) are significantly different at
the 10”L level between the 2 groups of patients,
placebo and cyclandelate (./= 1.74; DF=20; 0.1
<P> O.05; Table 2).

This level of significance increases, however, when
the differences in fluorescein penetration are taken
between the last visit and the second and third
examinations, after 1 and 2 months of treatment,
respectively. The differences between the last visit
and the second examination (A3 – Al), between the
2 groups of patients, are significant at the 2°& level
(I=27; DF=20; 002<P>OOI ; Table 3). Finally,

Table 3 Differences in J7uorescein penetration info the
posterior vi!reous between the end of the trial (.4,) and
the end of the firs{ monrh (A, )

I

I

Placebo Cyclundelate

Series .Vo, A, -A, series.Yo. A.-A,

I –19 2 708
4 — 29 J -08
6 –19 5 -38
8 –17 7 –28
9 –04 10 -31

,2 _ ~.o II -1[
15 –44 16 -06
18 –15 !7 –12
20 _~.J [9 -04
21 –J9 ~~ –13
26 –60 25 –03
Mean _ ~,6 – 06
zSD =0 475 =0534

I = 27; DF = 20; 002< P;,001.

j ,-!,1

Table 4 Differences in /7uorescein penetration into t~~
posterwr vitreous between the end of the trial (A,) @
the end of the second month (At) @.,

P1OCC6O Cyclande[ate

srries .Vo. A, -A, Series ,Vo. A. - A.

1 0 2 -08
4 –O. { 3 17
6 -07 5 :03
8 –27 7 0
9 –OJ 10 –01

12 –12 II -22
Is –11 16 -16
18 0 17 0
20 -11 19 -[l
21 –23 22 -26
26 –13 2s -10
.Uean -065 -096
= SD zOJ57 =0298

r= 36; DF =20; 0Q05<P>OOOI.

the differences between the final observation an!
the third examination (A3-A2) show a highI
significant difference between the 2 groups c
patients (f=36; DF=20; OOt15<P>O@Ol ; Table4:
These results show clearly that cyclandelate has i
beneficial effect upon the breakdown of the blood
retinal barrier which is present in the early stage
of diabetic retinopathy, preventing its progressiw
increase, well evidenced in patients receiving placeb{
capsules. The results indicate also that this beneficia
effect is particularly marked after a period o
treatment of 2 months. The fact that the full effec
of cyclandelate is especially well evidenced in tht
third month of treatment, in contrast to the firs
month when its activity appears to be minimal
prompted us to compare the differences ixtweer
the third month of treatment (A3–A2)and the firs
month (Al–AO),i.e. (Aj – Az) – (Al – AO) betweer

the 2 groups. The statistical analysis of these
differences shows a highly significant difference
between the 2 groups (/=44; DF=20; Pc:OOO1 :
Table 5).

These results indicate clearly that the breakdowr
of the blood-retinal barrier as evidenced by the
degree of abnormal tluorescein penetration into the
vitreous suffered a significant decrease in the
diabetic patients treated with cyclandelate wher
compared to the patients submitted to placebc
administration, and that this effect is particular}
apparent after 2 months of treatment.

CLINICAL ASSESSMENT

The other examinations performed agree, although
in a less clear manner, with the fluorophotometric
results. As regards the clinical picture, the cases
under study are of such nature that only signs of
worsening can be accepted as true changes. The
visual acuity remained maximal in every patien!

_—____
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Table5 D1fercnre~ in floorexcein pe.~.-:rari.~~ berueen fhc tfrird tnorrzh OJ {he trial f .4X - .4Z,I and fhe J’YJI 17Jomh

‘A, -AOJ

Placrbo Cychmdc+w
—.

series .10. .4, -.4. .4, -AD D@<rencc Series .\ 0, .4 -A: At-A, D@encr

I o –[2 -12 ~ -08 -30
4 -01

-38
-13 –12 3 -17 –o 1

6 -o-
-18

-04 .03 5 –03 –11
8 ___

-08
–34 7

9 -6;
0 –17 -17

-02 :15 10 –0 1 .-25

12 – 06
-26

–01 -05 II _~~ -02
Is –11 o –11 16
18

- ~.o

-16 -18 –02
o -04 -04 17 0 —23

20
-23

–11 –32 _~. , 19 -11 _lf

21 —2>
-26

— 20 -03 ~~ -26 –14
26

-40
-13 -08 –OS 25

\lca”
-10 –04 -[4

-002
SD

_ 2.07
=0 302 =0455

r -44; DF - 20: P< OCOI

during the entire trial. Ophthalmoscopically and
angiographically, however, slight changes developed
in the fundi of 3 patients rectiving placebo and in
1 ,patient receiving cyclandelate (Table l). These

.- ‘Ided the development of minimal hard exudates
‘ome angiographical evidenct of fluoreseein

,. ....age. The angiographical changes wel e obsemed
in 2 placebo patients at the last examination,
whereas the hard exuda~es were seen with the
ophthalmoscope in 3 placebo-treated patients and
in only I reeeiving cyclandelale. An overall clinical
impression was. therefore, obtained of more marked
progression of the retinal involvement in the
diabe~ics not receiving cyciandelate,

SIDE-EFFECTS

Two patients complained of nausea. This was
sufficient to provoke in 1 patient discontinuation of
treatment and the consequent dropping out of the
respective pair and its substitution with a new pair.
It is interesting, howeier, to note that [he second
pa!ient who complained of nausea was recei~ing the
placebo capsules.

Discussion

The present trial has shown that cyclandelate in
doses of 400 mg capsule, 4 times daily, given for a
period of 3 months, has significant beneficial effect
upon the breakdown of the blood-retinal barrier
which is present in the early stages of re[inal in\ol\e-
mertt in diabe~es. The use of \ itreous fluoropho~o-
rnetry, a clinical quantitati$)e method of eialua~ion
of the permeability of the blood-retinal barrier,

‘loved the results [o & subjected to statistical
-~ l~sis.This showed that the progressive deteriora-_-

,~ of the blood-retinal barrier observed in the
diabttic patients reeeiving placebo capsules during

the 3-monih trial was arrested in the patients
receiving cyclandelate. This beneficial effect of
cyclandelate was particularly marked in the third
month of treatment, when the levels of breakdown
of the blood-retinal barrier decreased significant Iy,
pointing to some recovery of the disease process,
and suggesting even better results from prolonged
periods of treatment. In a less clear manner the
clinical impression obtained from ophthalmoscopy
and fluorescence angiography agreed with the
results obtained, showing an apparently more rapid
progression of the disease in the placebo-treated
diabetics. It remains now to be seen if these results
can be confirmed by long-term studies and if the
progression and development of the full picture of
diabetic retinopathy and final loss of \’ision can be
prevented by prolonged treatment with cyclandelate.

The results here reported showing a favorable
effect of cyclandelate on the abnormal permeability
of the blood-retinal barrier in the earlier stages of
diabetic rerinopalhj are probably due [o the
protecti~e action of the drug against hypoxia
~Funcke er al., 1974). It is to be recalled that an
increase in retinal Mood flow by direct action on
the tone of the retinal vessels would not appear to
have anj beneficial effect, according to recent
personal observations (Cunha-Vaz ef a/., 1977).
which showed an apparen[ direct correlation between
increase in retinal blood flow and progression of
diabetic retinopathy.

The demonstration of a beneficial effect of CY-

clandelate in early diabetic retinal in~olvement
suppor!s the Work of Ditzel and Stand] (1975a, b)
and substantiates the hypothesis that fluctuations in
tissue oxygen tension may be responsible for the
retinal vascular complications in diabetes. Examina-
tion of the effect of this drug upon other vascular
complications of diabetes may help to indicate if
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these variations in tissue oxygen tension are a
general phenomenon of paramount importance in
every vascular complication of diabetes or if they
assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our thanks are due to Professor J. P. Lima, from
the Physics Department of the University of
Coimbra, for reviewing the statistical evaluations
and to Miss M. Joqo Coelho for secretarial help.
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Cyclandelate inhibits calcium-induced contraction of vascular smooth muscle cells, platelet aggregation

induced by thrombin, platelet-acti~’sting-factor and adenosine, and also suppresses a provoked 5HT release
from platelets This pharmacological profile suggests that cyclandelate ma! have a potential prophylactic
effect in migraine. To test th:s hypthesis, a double-blind multicentre studywas performedin214patients
toinvestigatetheeff]cacyand tolerabilihofcyclandelatecomparedtoplacehand propranolol.Aftera 4-
week basehneperiod,eligiblepatients(randomization3:2:3)weretreatedfor12weekswithdailydoses
of1.200mg cyclandelate(H=81),placebo(tI=55)or 120mg propranolol(u=78).The number ofmigraine
attacks (25(M responders) and the migraine duration .’month were compared based on the difference
between baseline and the last 4 weeks of prophylactic treatment. The percentage of patients with a reduction
in migraine attacks of ~50% treated wvth cyclandelate (37.0%) or prnpranolol (42.3%) was not significantly
superior to placelm (30.9%; p> O.025). The mean duration of migraine in hours (h) per month decreased in
both active treatment groups (cyclandelate: 36.8 h, p= O.046; propranolol: 34.4 h, P= O.039) compared to
placeba (13.7 h) without reaching statistical significance (a/2= 0.02S). The clinical efficacy of cycfandelate
and propranolol was comparable. Adverse experiences were reported by 13 patients (16.0%) treated with
cyclandelate, by 5 patients (9.1 ‘%) treated with placebo and by 19 patients (244%) trvated with pmpranoloI.
These were drug-related in 7.1% (rr=6) of patients treated with cyclandelate and in 9% (rr=7) of patients
treated with propranolol. In summary, cyclandelate has a comparable efficacy to that of propranolol, an
established drug of first choice in the pmphvlaxis of migraine. Both drugs were better than pla~bo, but not
significantly so. Both actmre treatments were well tolerated. ❑ Cydrndehzte, double-blind, placebo, proprmmfd,
pmpkylaxis of rrrignwe, tolerabihty

HC Dierrer, Departmcn( Of hleurolo~~ LIrrwersity O) Esscrr. Hu@rrrdstr. 55, D-451?? Esserr, Germany
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Patients ~~ith frequent, prolonged and se~rere
migraineattacksrequire migraine prophylaxis. A
tiuction in the frquenc~ of attacks and the dura-
tionof migraine are two i_n~portant aims. The mode
of action of most drugs used in migraine prophylaxis
~ not known. Furthermore, no animal modejs are
available to establish the mode of action of these
medications. The prophylactic effect of beta-blockers,
the most widelv used drugs in the prophylaxis of

‘MtiIca[ ~o,lcl,l~flflt H<]ag,G., \’v’indachp,Tr!/clpfillt/Strurlicflfr~>s:
&Ckmann.Relnho]~t, A, 01= z9), ~c)n)~stein; Langohr, H H.
/Fob, M, (n=~o), Fu]da; Iaccarlno, C (H =24) “~aplesf]);

-t, F.(..21)jPuLwutz;Tanen, Z /Them, M [/7=lt3),’DuIstuug,
&ly, p, (n= ]6),’\”lenna(A), Mel,er, Chr, (H= 11)/ Baden (CH),
ku~ GE. (n .9),rHofhe~ a.T.; Ile_ner, H.C. /May, A (H=8)/ ~~~n;

‘~. W. (n= 8)/ Schoptlelm; IsIer, H./Lutz, 1 (n= 8)/ Ztirich(CH);
~Et~t, M.]. (n =8) /Mairw; Scholz, E. (n =7),’ Boblingen, Donat, P./

‘% R (n.7)i Duisknlm; Kosanic, S./Sch6nbronn, E. (n =7)/
A?sheiM; Ger~r, W.D1/S~nge, H, (rl.4) /Kiel; St~sch, K.

‘?3)/Aachen.

migraine, was discovered bv chance in vatients
tre~ted for hypertension who’at the same ti’me suf-
fered from migraine. Propranolol (1-6) has convinc-
ingly been shown to have migraine prophylactic
acti~’ity. This acti~’ity has been confirmed by Holroyd
et al. (7), who ~erformed a meta-analvsis ‘of studies
on propranolol’ in the prophylaxis of ‘migraine. The
53 stucfies included 2403 patients who mere treated
with the beta-blocker propranolol (medium standard
dose 160 m~ /dav) \’>rsus reference substances or
placebo. On ~ver~ge, propranolol resulted in a 44%
reduction in migraine activity w-hen daily headache
recordings \vere used to assess treatment outcome
and in a 657( reduction of migraine activity when
less conserl’atil’e measures (e.;. clinical rat%ws of
improvement, global patient re~orts) were used” The
dropout rate due to side effects was 5.3%.

Cyclandelate inhibits provoked calcium overload
in neurons (8), calciu~-induced contraction of
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vascular smooth muscle cells (9–lo), and platelet
aggregation induced by thrombin, platelet activating
factor (PAF) and adenosin (11). In addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-13) and protects against provoked cortical dam-
age in a mouse model of focal ischaemia (14). This
pharmacological profile suggests the likelihood of a
prophylactic activity in migraine.

Earlier studies have indicated that cyclandelate
given at a daily dosage of 1600 mg indeed has
an anti-migraine prophylactic effect. In a small pilot
trial (n= 40), Nappi et al. (15) showed that cyclan-
de}ate was almost equally effective to flunarizine.
Mastrosimone et al. (16) (n= 84) described a signifi-
cant superiority of cyclandelate to pizotifen. Gerber
et al. (17) (n= 84) observed a clinically relevant
decrease in migraine symptoms with cyclandelate
which was comparable to that of propranolol.
Cyclandelate was well tolerated in all efficacy
studies and exhibited the smallest incidence of
adverse events compared to the reference drugs used
(1S-18).

Methods

To test the hypothesis that cyclandelate is more
effective than placebo in the prophylaxis of migraine
using the minimal effective dosage of 1200 mg/day,
a randomized, parallel-group, double-blind multi-
centre study was performed. As a secondary hypo-
thesis, comparative efficacy with propranolol (120
mg/day) was investigated. The study was approved
by the respective local ethics committees.

Inclusion criterii7

Patients between the age 18 and 60 years; male or
female; migraine with and/or without aura accord-
ing to the IHS criteria (19); migraine history of at least
12 months’ duration; a mean number of 2-10
migraine attacks per month within the last 3 months
prior to the study; and signed informed consent were
admitted to the study.

Pregnant or lactating women; psvchia tric disor-
ders; concomitant non-migraine headaches >3 times
per month within the last 3 months; intake of cen-
trallv acting drugs or migraine prophylactic drugs
during the 4 weeks preceding the trial; specific
contraindication to beta-blocker (asthma, diabetes,
clinically relevant hvpotension, etc.) or cyclandelate
(acute stroke, glaucoma, coagulation dl.u~der);
intake of drugs to treat migraine attacks> 12 days/
month. Prior to study entry and at the end of the
treatment, the patients underwent physical and neu-
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rological examinations, including ECG and bl ~ ,~~
chemistry tests. ,:f’

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophyla~c
treatment. Those who recorded 2-10 attacks on theu
migraine headache diaries during the baseline peri~
qualified for randomization (randomization rabo=
3:2 :3) to cyclandelate, placebo or proprano]ol.
To avoid early withdrawals due to initial side
effects, treatment started with a 2-week run-in peri~
at a dosage of 400 mg tid cyclandelate placebo or M
mg tid propranolol. This was followed by a 12-week
period of active prophylaxis at a dosage of 400 mg
tid cyclandelate, placebo or 40 mg tid propranolol.
The study ended with a 2-week run-out period to
avoid early recurrence of migraine, using the same
dosages as in the run-in period. Additional medica-
tion to treat acute migraine attacks was allowed for
up to 12 days/month for the duration of the study
including the baseline period. Patients were required
to come for a check-up visit at the end of the baseline
period and at weeks 10, 14, 18 and 20 (Fig. 1).

Migraine headache diay

All patients kept a structured weekly diary and
recorded daily migraine events: occurrence of
migraine attacks; impairment of working ability;
intensity of headache (measured by a visual analogue
scale); duration of headache and migraine attack;
intake of migraine medication during the attack;
concomitant symptoms of migraine (e.g. photo- or
photophobia, nausea, autonomic disturbances, etc.).
Patients were also asked to record adverse events
related to the prophylactic medication. The attending
physician was requested to transcribe the frequency
and duration of migraine attacks and adverse events
in the Case Report Forms (CRFS) at each visit.

At the end of the study and prior to breaking the
code, the attending physician evaluated all migraine
headache diaries, blinded to the number and total
duration of migraine attacks at baseline and in the
last -1weeks of prophylaxis, This diary database was
used for primary analysis applying the following
guidelines: (a) If migraine attacks occurred on two
consecutive days within a time interval of less than
24 h, this was counted as one migraine attack; (b) the
migraine duration was det’inecf as the sum of all
migraine hours documented by the patient in the
diary within the 28 days preceding the end of
baseline (week 4) and prophylactic treatment visits
(week 18) (Fig. 1); (c) in cases where the patient was
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run-in 12 weeks prophylaxis run-out

I
800 mg / d 1200 mgld 800 mg / d cyc’andelate

I
1

80mgld 120mgld 80 mg / d propranolol

placebo

MHD MHD
1 I

I {
o 4 6 10 14 18 20 [weeks]

Fig. 1. ‘Ilme course of the study, dosages and migraine evaluation.

run-in/run-out 2 weeks: cyclandelate 4(Y3mg bid vs placebo vs propranolol 40 mg bid: 1-0-1 capsuleslday
prophylaxis 12 weeks cylandelate 400 mg tid vs placebo vs propranolol 40 mg tid: 1-1-1 capsules/day
MHD Migraine headache diarv: evaluation 4 !veeks baseline VS last 4 weeks of prophylaxis

1 ,..20 w“~ks scheduled check-up \-isits.

not able to distinguish between migraine and tension-
type headaches, all additional concomitant s~ptoms
dwurnented in the diary were taken into cormderation.

Endpointsand statistics

Two equivalent primary endpoints were defined: (a)
“rate of responders”, i.e. patients with =5(I7c reduc-
‘-q, in the number of migraine attacks; (3) mean

.=- jraine duration” in hours. The migraine para -
.ers were calculated using the values of the last 4

weeks of the high-dosage period compared to those
of the 4-week baseline period. Efficacy was assumed
if cyclande]ate show’ed significant superiority to pla-
cebo at an alpha-adjusted tw~sided significance level
of a/2=0.025 in at least one of the two target criteria.
Fisher’s exact tat and the f-testfor independent

samples were used as statisticalmethods for the rate
of responders and migraine duration, respectively.
TWO patient populations were defined for statistical
analys~, al] randomized patients (intention-to-treat
[~] group) and clinically relevant patients (per
protocol [PP] group). All drop-outs after baseline
were inc]ud~ in the intention-to-treat analysis on the
basis of the last-value-carried-forward method.

Secondary endpoints were the efficacy of propra-
nolol versus placebo and equivalent efficacy of cylan-
delate compared to propranolol. Additional secondary
endpoints were change in intensity of headache,
inhke of analgesics or migraine drugs, number of
working davs lost due to migraine, frequency and
severity of idverse events. For the secondary end-
~ints, ad~~erse events and intake of acute migraine
medication, only posthoc analyses are presented.

‘Q? number of ~~tients
—-.-

‘“-~suming a W% response rate with cyclandelate
,,-:$ 30~ with placebo and a reduction in migraine

duration of 4 h with placebo and 8 h with cyclande-
Iate with a standard deviation of 6 h, the sample size
for cyclandelate and propranolol was calculated at
n =75 and n =50 for placebo in the randomization
ratio of 3:2:3. These case numbers are sufficient to
find a statistically significant difference between cyc-
Iandelate (or propranolol) and placebo at a/2=0.025
with a beta error of 2070.

Post-hoc analysis

The intake of medication to treat acute migraine
attacks is known to be an accompanying critical issue
for the evaluation of headache duration in clinical
trials for prophylactic treatment. Therefore, all
patients were stratified based on the intake of anal-
gesics/antimigraine drugs during a defined number
of weeks in the course of the trial. To obtain new
insight into possibly different response properties of
the ITT patient database, the >50% response criterion
reduction of migraine duration was combined with
the criterion “intake of acute medication over less
than 5 weeks” during the 16 weeks of treatment
(double response criterion).

Results

St miy popdhfion

The study was initiated in November 1991 and
finished in April 1994. Twenty-one screened patients
did not quahfy for randomization. A total of 214 ITT
patients in 17 centres were randomized after com-
pleting the baseline period, 81 patients (37.9%) were
treated with cyclandelate, 55 (2S.770 with placebo
and 78 (36.4%) with propranolol. Fortv patients had
to be excluded from the ITT analysis for various
reasons (Table 1) and 174 patients (cyclandelate n =67,
placebo n =39, propranolol n =68) remained for the
PP analysis.
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Table 1. Patients violating protocol requirements.

Reasom for exclusion from IIT database n=.!O

Earlv stuufv termination~not drug-related rr=ls

<2 attacks during baseline period (one <24 h) n=8

Evaluation of diary not possibie n=7

Control wsit missed by >2 weeks n=6
Intake of additional medication >15 days/4 weeks n=~

Age <18 or >60 years n=2

Demographic and baseline dotu (Table 2)

The three treatment groups were comparable in
terms of age, distribution of gender and history of
migraine (Table 2). The three treatment groups were
comparable with regard to number of attacks/
4 weeks, intensity of pain during attacks and intake
of acute migraine medication. The mean duration of
migraine in hours/4 weeks and the standard devia-
tion was slightly greater in the cyclandelate group
than in the placebo and propranolol groups. How-
ever, the differences did not reach statistical signifi-
cance.

Withdrawals after randomiz!ion

Thirtv-six patients (16.8~0) dro
domiza~ion (cyclandelate n= 16,
pranolol n =12). The frequency of
cyclandelate and propranolol was comparable, ~t
numerically higher compared to placebo in the ef&
cacy-related and possibly drug-related reasons. The
overall distribution of all reasons for withdraw& ~
given in Table 3.

Efficacy

Prirnay endpoints

The firstprimary endpoint (z50% reduction of
migraine attacks) was met by 30/81 (3T.0~0) patients

treated with cyclandelate and 17/55 (30.9%) patients
treated with placebo. Them was no significant difference
between the two groups @>fl.025). ~ the p~pranoloi
group the response mites-ionWas fulfilledby 33/78
(42.3%, p>O.05 vs placebo) patients. Similar results w-
obtained for the per protocol analysis (Fig. 2).

The mean absolute reduction of migraine
duration/4 weeks (second primary endpoint)
was 36.8*73.7 h with cyclandelate compared to

.
.4.’

Table2. Comparison of the three treatment groups.

Total C yclandelate Pmpranoiol P!acebo

Patient characteristics n=zl~ n=81 n=~a n=5.5

Derrrogrqrlric IZmi baseline daf~

\fean age (years) 39~~2 39?12 ~f13 39~13

sex
Women 167/78.0% 66/81.5% bO/76.97c 41 /74.5~0

Men 47/ 22.o~c 15j18.5n. 18/23.1?0 14/25.3%

Mean mlgmine history since (years) 19t12 18112 ~1f13 19ill

Migraine with aura %/26.2% 24/?3.6?6 18/23.1% 14i25.5%
Migraine without aura 156/72.9% 56/69.1% 59/75.670 41 /74.5~o

Migraine with + without aura 2 1 1 0
?-Jo.of patients with acute migraine mmiication:

.%algesics!antirheurn atics 142/’66.4T 55/67.97 51]65.4VC 36 I b5.511

Specific migraine dregs 1?7”; 59.3qc 46/56.8% 49/’62.8% 32/58 1~

Cyclandelate Proprano[ol Placebo

,bfigraine bwwliw data
Mean number of attacks/4 weeks Jfl J z~ ~f~

S.4 attacks 311 3~1 3=1

\fean migraine duration,’.l weeks (h) 88*79 slf50 73=41

S4 attacks 81 f79 69 ~ 46 71:42

Pam intensity during attack
Severe 27/33.3% 26133.3W0 17/.Y3.9’Z

\toderate 51 /63.0% 49/62.89, 31/564%

Mild 3/3.7% 3/3.8T 7/12.7°<

Additional medication during attacks
Never 6/7.4qc 3/3.8’% 2/3.65Z
sometimes 23/28.4qo 24/30.87. 15/27 3%

Every attack 52/64.2~c 51 /65.4’% 38/69,1%

* -

—. .- -. —. .
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-’IL= 3. Reasons for withdrawal

r —.

Total Cyclandelate Propranolol Placebo
n=214 )1=81 11= 78

Reason
n=55

n=36 n=16 n=12 11=8
No. of patients (%) (16.8%) (19.8%) (15.47) (14.4%)

Not drug-related 15 (7.0%) 5 (6.2%) 3 (3.8?) 7(12.77)
Efficacy-related (total) 8 (3.7’%) 5 (6.25 ) 3 (3.82)

Complete relief 2 (0.9%) ~ (~,~~)

Lack of et%cacy 6 (2.85?) 3 (3.7%) 3 (3.8?, )
Adverse events (no. of patients) 13 (6.1%) 6 (7.4%) 6 (7.7%) 1 (1.8’7, )

Side effects 9 (4.2%) 5 (6.2%) 4 (5.1%)

[%] Rate of Responders

80 ––

ITT PP

ao

Fig. 2. Rateofresponders (>50% reduction of attack

~uencY/4 week.s) compared to baseline.

‘--- =Intention-to treat PP. per Protocol
d =cylandelate Plac = placebo Prop= propranolol

“p> O.05; cx/2=0.025 (Fisher’s exact test, 2-sided).

13.7k51.7 h with p]acebo (p= O.046). Proprano]ol
reduced the migraine duration on average by
34.6t58.8 h (p= O.039). These results were clinically
m]evant for both active drugs, but failed to achiet~e
the adjusted ~lgnificance level of a/2=0,025 (I_IT).
similar results ~~ere obtained for the per protocol
analysis (Fig. 3),

Secondary endpoinfs

~uivalcn~c of @~ndc[otc and pr-opranolol. NO signif-
icant statistical equivalence of cyclandelate and
p~pranolol was found in either main efficacy
criteria (p=o.05, l-sided).

The analvsis of the subgroup of patients that
~]ed the-response criterion of a >50% reduction

of migraine duration with an intake of acute medi-
@tion o~~er less than 5 weeks during the course of

~z”~~ study showed cyclandelate to be significantlyr
: ~rior to placebo (32.1~ \~s 12.7%, p=0,014) in

st to propranolol (19.2%, p> O.05). The analysis

[nom., wearRea,c:w <r UOU,S

c

1 ‘-1 ~

_ . . . —
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Fig. 3. Mean absolute reduction of migraine duration/4 weeks
compamcl to baseline.

ITT= Intention-to treat PP=per Protocol
Cycl=cyclandelate Plac= Placebo Prop =l%opranolo[
‘p> O.05;a/2 =0.025 (t-test for independent samples, 2-sided

of the complementary responder groups with an
intake of acute medication during more than 5 weeks
did not show any significant difference between
placebo and active drug.

The l-sided equivalence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1% vs 19.27c,
p=o,oo7),

Tolerability/side effects

Blood pressure and blood chemistry remained
unchanged throughout the trial in all three treatment
groups. in the propranolol group the heart rate was
reduced on average by 5 beats/rein. Thirteen of 81
(16.02 ) patients treated with cvclandelate, 5 of 55
(9.1%) patients ~vith placebo and 19 of78 (24.4%)
patients with propranolol reported adverse events.
Of these adverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table 4) Fi\’e patients in the cyclandelate group and
4 patients in the propranolol group withdrew from
the study due to side effects.

I
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